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QttiitellM^rg binrliu^ t»fe«a tt«lip«ttt«^e of tite foot 
t t ia t tt ie pw9^^mt9 o f »* •« iJt ttie » « i l eiq^reeitioit i e 
clooe to m l t f « M* giivo t l ie eqi^attcm, 
J'' 
L u-^v'-) ] 
fit^rot ^ e iateri f iottoB ©i*efr i«l«*i t f o r n pa i r o f ©att im-
aaioo eo@M»ailoa are oifproes«rt fey tfi# fo»«t |#a •jf» and 
toa ie «tr«£igtli by tt ie tens • ! • • 
Orea«all« t#^er maa 4eaiiiVe«l atte«i»tea to eotire 
3 
tlH» ti igh«r %mrm» i n %M mmwt(»» »ii|>4Mi«ioifi, l> • li eqiMtliNi 
e«itio«i of rmltwmmua d i s i r i b t i t i a i i l<m» Tlit i^, ih«y f,«v# tto« 
f o l l 0 « l i m #4|tiatti»tt fo r «Nal<Hyi«tvRli^t « l«etr f i1r t« i i vftleti 
t»k»« eare of » ^ r t range f0re#i i fsniil i « ap'piieal»l« vtpt» 
/ / , 
l o g y « -,^-^^^= . - h P C -^ Ex- t - i o ^ ( l - f o•o^4,ol,>v^^ ^^^^ 
wtKtnr, *0* i l l the i te l j i r e0»««ixtraficMtt ttfiNStteat «ritb * l * 
t i io ft0iale #trot«gth f a r uat'*oitlvi^1«iit «le«tr#lSrt« «»d *r x t* 
•3Kpr««i^ «« tiMi tiiftoer i«r«i eoair tbt t t to i i i t* 
iiroastCMl &ti4 : e^tetifiri l ifit^« the fo l lowtng eoittatloii, 
i , 
- log -y* • C».S w^ • %m Ct l) 
wH^eii f i i ftppllealil^ upt^o 0*1 so le Kg" ! 
''^ to&^M Mid ftOfHiitsoa and llc.*4« t t t t ro^o«<l tfew 
«<»iiM»€»pt o f l i | ^ r« i t lo i i of Ions l a t l i * )aet»mt«itt i#a of Itui 
s t iw ' * ! * • ^^**y :tl«iilt«^ t i t f i t ^ e ae t l v i t j r • o « f f i e l « 6 t 
emspi»%^ wItiK refftrdf to %lw hydrates »»tf mt i i f^ rs te^ M»liit«» 
«<iiili$ ac»t ^ t ^ e n t i e a l * T ^ » « {sntliors %ymn gair« tiMi f o l l d ^ lA^ 
'^^ + -z.- T ' "^  rj l og 7 ^ • - * 
,^^ '^V.-L"-) ~ ^^%-^\v^-">''l>'-)-]'»'" 
r«f»r«»«atfi »©l«» of loan {y -\- »ol#si ••-V^ itei«f« ©f •Att<Ht« 
em^ mlimsi r^e ' ^ • t i r o l y ) mitf ft^ repr««eiit« t tw a o t l r l t y of 
t l i« 0olv«»t o f »o]«wttlwr welgbt *M'* TIte cquattea haw lN»«it 
• te ted t o IN» api^lloali lo I n «i«v«r«»l oisfto* to Tory HoiMry 
14 
»GmmeQtrmtm4 »elutitma OITAU ele*e to «iattiratt«ii n&imwa^ 
ffailofis* 
\& 
not ions i a ttii» »<»1ttttaii« l iv ing t o the 4f|ffere8M»« l a t t ^ 
4%m«mmlimm (*t m9lvt%» imdi »olv«at i>«f'tiel«s tmA wlileli isaf hm 
m%%tiimt»B fnr tne <S« turtnres trt^m i t i« l aea l l t j r i i f th« 
fM>liitt©ii«# t'i« pr#i>»»«S t l* t «st>^ift«i •«|uai|^E) tiio«ri«>r6ttftg 
t i l l s eonee^t i is iu i i the f<[il l0«inj| twu «f|«iatt(»i»t 
tlHi dkigr«« o f aMi«imi*«tti^ft f 1 - <<) at «wf VIIIUNI » f •€?• ««• 
«al««l£it«d Hf miDfHitfiilvc at? rc»xtiiiitii»aii« Ki^wt»f isad 
«vft]tt«tl i ig *#* l^ ir tthi ftCF^fMKl eoAfMitiittati fr(«n t iM •f^ftt l««i 
f «< e » f - ^ . e , tiMi p«r«i^ M>tiiir t ^^ i « eiileii1at«d fu r 
an 0 l9e t j ro l f t« * '« re , *f* r«0r«»#«t» life iitl<»«iii«M»«ti'to 
wBt lT l ty e#« f t l e t«n t mtd *o< * the S«gr#tt <>f ^ in^oetnt lot t 
o f tJw el iK^trot j r t* iis»dl f . thm netttel a c t i v i t y oeof r i e len t * 
t l i« i^th&d ba« i^eiM j^ $ept€M9 f o r tml<*«i»iT«l«Bt e loo t ro l j r le* 
{!«cidi«it th« i i t^«roofi lii^f^V4i^NNit« f i i i i g « s t ^ l a 
thtt o r i g i n a l {^ibr« «» rittei«l itKii^aeioii to rmtAer I t ii|»fillealit« 
to tsto eotie«fitrnt<«-f so lu t ion raag«» too ttio r«o««t troi id ii«^ 
Al»o beoti to df^rlvo « i i t i ro l | r flow o^u^tloao Hftmi^ «M M f f o r o o t 
»ifi»roo«»liee %him l iolag adciptofi lift ^u i i l«r l i rat to» of Mbyo • 
HOOitOl •<}tltttlo»« 
%li« » • • o f forml « Diroo or nooo •» f i i to to ia d l t i t r l b^ t l iH i 
15 
Imm ia pi nee of T^ltspiitfm dl»trtl»)tii»a lnw fi»r ttie deter* 
itliamtteii of oteiirged dweefttlee in iiel;itte»« !)atta« Si^eM 
&M n^igei^te ufti^ %hm Viswrni diietrtticitien far tlie eeoi^iotate 
epssee »iid fttrttier *»rel©^»©d the tae«ry mn^  rferlireil iw 
expree^lee fer t^e tsemt e l ee t r l e i t l petet t t inl ttme to i^iaie 
at@oe|}liere t a a (ietutteii« 
The iietlvltsr i^^Batlcm derive*! hf ili^etoi iit^ee4 
good i;^re«s«iiit «l t i i the «si:>erlc!tjatsl valti*? of ^•€1^ I 'eel , 
- I 
Hiiel and umi upte aiMi«it B iM»le l i t r e eei ieeetrat ioa a t 2S*€, 
r igea f>»S "'le&e eonetderei! tlie veluwe filMplaee-<r!^ eat8 
%f the tene oeinig to tlie hirtfr^tieii mid lutrotnieefl oew d i s t r t -
Imitata fttttcti^i^e iigre«t»i <^lth %h^ versteu utied by si^tta and 
Dafclti f«»r der iving the f l ae l e^iuetteii for the ^ t l i r l t y 
eeef f te iea t» »t the « l«e t re l f tee« fUe theer tee |iron©«ed fey 
negehi - ' m t t a and i l i « a • 'stetee were lN»litf emttmnt^i^ eatWRlly 
liy tiMi t«o gr<Hii)« (Ml l^e ^ e r t t of t ^ e i r e r lg t i ta l t t i r mi^ 
t h e i r I t lent ieal nature* 
l a e p l t e of tiiteii«lve tleveloiaeeaite io«k f»l«ee 
toearda tlie »d¥iiii«ecieiit of tbee r iee by el^etrt»lyte# the 
eirf»r »11 p ic tu re of the etroiig e lee t r»1ytee IMAI! tite tteture 
of foreee eo r i t ro i l i n i tlie {>0r««feterK of elt^etrolytew appear 
t t l l tlil« fjntii fa r fr€>s bel^g e l e j ^ l y ex^>lered asd n»derete ^S. 
T i l l ft s8lE5ple i?ea«>ral reliRtlcmftUtp eoverltt« the e n t i r e 
raag© ef ©ooeeatrntioae of e l e e t r o l y t e e tm derlvetj fr»« l>ii«it 
prla«lplef) mid t«i fouud apalie»i>le %a a l l ttie e«i8e« wltl)«wt 
exeeptlons the problem of ntroaf e l e e t r o l y t e s eanaot be 
coneldere^ mm eelved* 
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l^itMBliRflKSk gar© the <Ni»«ti^a f o r f:* Hy 0»^ l i l a l j » i 
?ir<wi»t*Kl •• -ttatctl iard ^qtmi lcm w i t h tiMi t\mrm:t^j^^^ie 
#*i*i i i t toa o f n e-»H rpsKsitoo, 
F''» - fe cjs^  « E* * a k II » (t«^ 
r."» • a k a* » ^ St r* - a k « ?s? U T ) 
t i l 
w t t h t h « tn©r»o«fs«ia«t© ©qwii t ioi i o f a e*»ll f « r e x t r t t p o l a t i a g 
• IS* t o w i ro e€>a««i«tr»tt«a, 
4. JL 
f i l e )R«tho4 o f n n t r n p o l n l i i t t t li»irail<r0» m amttium 
o f mtmmmmiwe np%ttGxit'i9tti*mm f o r ««em?tl»g m i ra l»« o f f"" 
l 0 tl»« rtic*»t li«*»<l e»|ir#ii.^t»a ©f t b« «ttHf«« ««m«ll.»a, f tm 
•mtiittons h«a lM»«a foufiid ap}>110fttele wpt© » o ,os }Sftl« Kg • 
(Htgg#ai)«i{t ai%4i '<*rtie eo^tao^dl t )«mt« l . )^ r t «inu«i l^a 
w i i l i t he tlaeinstt^fSifi^te «rj«st-tt>a ©f ©«»ll« f o r t l ie -iHttrfwmt 
o f eiitrii!s.»ol«>ii«»ii f ^ t l « r t « i o « f i t b« fQ l l ow l i t g #f|«ai.lcwa, 
17 
tNiir im>plietf tli« «i|iiattiiii apto » •> 0,06 tMil« Kg • 
6 r t « f f form of a^dififttf iNiliy* «• lfiMifc«l •QtiattoA «dl«li tli« 
tlu»ri»0tf9iiainl« •«|ttfittdii (»f o«l l9 im4 umm4l tlie followiNii 
•({ttiiticMB for «xtra|3K»l«tto«» 
A'->v>:'-^ 
^l^^3- - o^fe..'.;-^^"^-'^'^0-f--"^Uc,^)J 
- t -~ 1^  vw im) 
fhm mqu&titm in «ippliej^ %l« to < i t i ) •l«etrolrt« •]r«t«m« 
?taiiy <if %h« oitawr a e t i v t t f oo«fftel<wt «<iuatl«m« 
referred t e , in tiie ftreeeiilafcfi tihort iNMPlen en tfeeerfee ef 
mittwltf iifl»«ffi«l«»t ti«ve ftet be«« impleit^^ #« f«>r im 
!&mk$wmtt(m wltftt ttee ttteriBediittanle effQiitiflM &f ee l le fer 
^N» pmrpotm of #actr«»$)#lttttMi antf evaluetloii ef F* ef 
eleetrotfee* 
file aetlM)il ef esctrepelfttttwa adepted iti the 
preeedt eorli In view ef tbe eeilc Aeture of tfte eleetre* 
lytee feme been ai»en»»m4 ta ebapter t l * 
S'eter^ta»tl<m of selMtlen Pnr^aeteret ^ i^ace the eleetre-
»etlire feree mt 3m eleetroile eonple I s ttMvraedsffigiileatly 
related to eeverel pmt&mtmrm »t »ol«tion« etteli tm i o e i * 
setiCMi ecMietntitiit toa-ee^<»eletloa eeestattts. Smmmmm, .«« 
18 
ai»s0C»l«tiQii, a f t t tT l t y 0de f f i « l« t i t e t e , , t t i« l a t t e r ar« 
tfstemiaiid tiy t iM i»ot«atti>t$«trt9 fiitudy <if the e« l i « eoa* 
t ^ i a i ag t tM #l@»etirolsrt«, previ(i»d t&« tit«Miilard i jo toat ia l 
t>f th« el«©tro««» »s«<l t i l th«8« ^fH!tJihri(««t« rare knovm* 
5""ilv«r-'''llir«r ehlorl iS* #l«ctro«l© isiitf other ntwi ' lut^ 
« leet r0 t f * t otirrsriog on# revers l te l * ioa «r« I»#liig a»«d[ l a 
se t t i ng tip 09%lm f « r t l i« tlen^rtBlnatloa of fi«»lutt(»a f»ar»-
R©t©r», r o l l owing ay© %hm tfpieal nmmplmn of ee l -s »#t ap 
f o r t6ii!3 o&JectiT©! 
The d«t«f%it i0i loo <f tb® »©lwti«^fi l»«rH«!«ter« 
do aot inTii l ir i i miy ejctrapoiat loa t#eltal«iu«. 
P«t«r»iaattoa «f • •«#f* ©f • ' e l M i l^ir«©t a«ti»)minatiea of 
I W i — — • • — • • W i r n l XMililllllllM m i l l •»<M«lwwllllli»lllillil«wlillll»lll»<IPM>l<HM>«p«» 
4»,ft,f« liy tiHi is«a{iur«Nieat« of g a l r i ^ l e o« l l « i a ttaaed oa 
tfe« • l issiuaitcia «f ^ t l v i t y ©oef f ia iaot t«wi frmn t l ie th«fi»«k« 
4^emie #c|ttaii<m by e^MliiuIng tt ia l a t t e r w i th t l ia !ialiy«-4iYjef^«} 
aitnat ioa. nimee, i> » if atiitatiaa i))aiir^M>ri!«t<iti tm uakaovn 
eon»t.*«at the eictrapo I ati<m of eoaeeatrat ioa to %aro l l « i l t 
f lvei» 011 l i t t«r©ept f rou frttleh *?** i » obt»lu«d wit l iottt 
f l i i i f f lug Mpaa tba •»!«# a f ttakao^m «)dj»«iaitt, D^p&tr Jag «*»cia 
ttoa aatura of tHa e l e a t r a l y t a i tb® r^aot i i r l t j r «f th« ^letal 
l a a^aeaoa Aolutioaa mtA tha f?1«etro^0 m i t o r i n l a , qal te a 
li%rge! aumbar »f d t f f e r « n t %yite« a f ao l l a ara tiaiug uaaA 
fs^r tha d0iarBt»«t l«a of «•''*, 
i9 
{»if)ue<»ti(i •olatloMs or ftiiHNi sa l iff «l«e%rolSfte», ee l la «>ui h« 
cfiff«refitim^e4A l a t o tlu» three bro^l «at»|;«rt«it« >iiioe, 
ti»© l a t t e r two ©at'igi>rt«» of «« l l» d© »oi e«»© uii^^r i*i« 
immtf^w ©f pr««©iJt w>i^» do««er lpt i^ <*f %i%m « e l l s 1« 
r#«itri«t«<! h-0r« tfl> m^ueoti« ^ lee t ro l j r ic Bftftm^iMm f^llowlun 
aifi« tjrp*®^! «mtmi>le« of ii«llti aay give a r©|»reB«a fcattve 
l i e a 0f th# fenert?! matim of ««ttti»g up f»f ©©lis for th« 
d«tersilafsttoa of i'* valti©« of «u Aleottrodfli t a awjiieeus 
t1#etrel | r t««i 
r,^. i»t, tt^J^mn im) i mi im)/.^0n/^g i^^) wpf.Ko. 117 
t« . ^ («)A«2-Vrtg>' U atral l t d (a) HCl ( B ) / 
I ' t , fig a«t.N€>, n o 
N Mc;i/Cal«Ms#l e l ta t ro^t t nef.s©, 12^ 
-•l(t»c#, the r4^v«rttii^ilitf of tt^ '^ rogiMa #1.«etr»ff« 
t» Iftrge ill «et«Slo i^J, tlj« ti»f» «f liy<lr«g0ii el©©trod# a« 
r»f©r«sa>« «li5«trnd« ! • preferreil im eaa«« nht^ r© aei^ oorre»-
00«iJiag to til© r«v«r«)iliT« loa «f tlie electrcKl© I s ooss.-i-eMasly 
eiViiilabl© sail r«^atB« iM*iiitftC ;^#d l»f hj^irogea f»© when «»«^ 
t a ttwR e c l l . «i»f«r««©e pl**etr*Hieii isf.h!«r thmi hvilrnffim. 
20 
Imviiii^ *mm ewsrma. tteirewsihlm ltiii« mi %tm tm> st<i#» arm 
tm set up fo r tiMj ovaluai ioa of f* Itf gslvaiit© ««ft»iir««i»Mtii 
tak ing iu%& mi<5'»vmt tVm ii.ffittir« of a l l eit)«i|»o«iNBts of th« 
f^ l»r«»««t work r« l i t t## t© th# •vsliiafelon of r^ 
audi ill© citii#r thermjdjrtaamlo rsftr«R«»t«r8 of ifiir® diff«r*»at 
« i lv i * r ©Is'tetrocle oouples • ! « • « .-'Ulver-stlirer i=»tl«t©, '•d^'V^t' 
"^Itvwr :';ao<'isfflt«, •'^*lir«r-'«ilv«r fmrtrate, il'tmr-'dlr^f 
t^3 134 
€ t t r « t t ma^ .•>llv#r-»''*ilirer i^HosiiHatii, a l l o f witich mndm 
ti«# «# •«««&, ele«trd1rte«» Prei»l«« lia«t«»tj»iitB a«©ti a» 
iie0«trat<i potet i t i0<^ter» tii§ltls> fi«««ir0i« ttierinoftpmHSte -
Kta t ie b» t l i , ftte*» ero »istt4 f o r eel l.@€iiiiig t l ia ^xpft'rir^eatiil 
l iattt, !.«rg« ar«a »l«i©r#l l s i l v e r «il««tr«Mles or© nmea at 
»«DlJ©rt fwr ih» «i;>«riijclf solul^le »41ver s a l t In febr lcfs i l i ig 
ttie «]f totroa«s, tlie»« larg® sur f mm iMr«a e1«otitMl«)i a t t a i n 
t l i« « / | « i l i b r l a v«ry q t i i ek ly , t lmrel i i r i ejr i^ i ' - i t tag cMiastfmt 
©«l l Vt t l tag* «itfitiEi a short t l i ^« . f i * l « g In to ©«Mi«lrteri4tl»M 
the mtnk natar® of e lee t ro ly t«0 m»e4 in %h»»e e ^ l l s , a 
imital»te esetrap^'tatloa ti^tttoa item ^mm& na^»ptm4 t o Mi« d^ter* 
» l»« t io8 «f r". 
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I ISO ( i ! l 3 4 l 
3 5 . A , c . •••«lk«r, t ' . H . Bray mid 4 • J . Joha«to i t , . 1 . AI^. €li«?ai, 
a t . P.T. r « r r © l , J r . I . i i l i5«lt lmf« aad ' - . c . T & s H t i i ^ , 
. 1 . A« . €hemm - o e . t J2.* ^ ^ * ^ U»4«) 
24 
4 1 . !4. ni«Mlftl l, I i i t«r r*«t lo iml r r i t t c » l ft i tele, T i l , 27% ii^M) 
104. SOIMil (1!>5T) 
43. f . P . nie]i«» J . ri«€tro«»»«is. so©., ^m, 4B2 (t^m) 
44, s , ' i t nnk t , «l* CJhera. si«>., ^«,pa«, Fsre, C!i#ii. .-i«o., 
1 1 . lSO-2 (1953) 
411, y^, »ain«»ll aa i t . r . Te«atg, J . - ^ . Cbi^« H O C , ^ , 
9et ( l 0S i ) 
48. I I . - . llariMid r^a i>.». «-rli?*i*, I M « , 55, 4a4f» (1©33) 
4 f . t , L , €ar i»dy, I ! i l 4 , ^ , I8S (tm%) 
48. r . L . fiol»«rtii, IM t f , ^ , S«tt a t 3 0 ) 
4S. f..A. Lltthart, fM«, j|4, ilTS Ct^tP) 
5^, 283 (1»54) 
^ , 21 to (1933) 
52. t l . ^ i . MarM#d m4 T , « , i»aart«ii, J . Phys. 0h«s}. St,5St U^Sa) 
5S. i:.A. n»gg0tifai»l«i fiaH T . r . Pru* , f r a n s . r f i rs^f iy. Hoe., 
JO, 231 (1964) 
S4. i:»,r. -"twliisttari, . 1 . .te, t!l»®i. >5<io., j [ 4 , lia,> (1952) 
^ , 13?) ( l tS3) 
mm ti'* " ' ea to l ia rd , tl» An, Che«i# H«I©», J | X , 641 M9S5li 
&f» 6.«J« t i l l * iimd 0»J*P«« l v«« t '*• ^^b«w. ©«• • 3^?i Cl«Sl) 
5S, B«». O w n , J . if9. € | i ^ s , >><»»» fl>» 2IJ3« 1*^)38) 
SO, M«ll, l i«te»9 f':«A, t}agii«alMil8i « t a t , «!• Cb /^* i l iyt t* 
4 t , 83 (1928) 
e t» U M , M i i l r t i « r i l , J . - ' t iy, Cl t«^. J « , t04S t l9 f l4 ) 
@3« 0« ''Oatehayr^y 4« ^IJR* CIMMB. H#QI«« J ^ , ^ ; M ( l t 2 $ ) 
SO (mm) 
§ 4 . E» l c i i t t i i # r , ?# i ^ o r g , a l l g p * ehe<^, j ^ , 2^ ii3m) 
©6, JU*--« llmnaea i«id '^".4, f l aye r , .l» -4«, ^tiiBa, '•*^ ®«#, 
^ , 449® (1933) 
S t . A. , K®»tiltt, I b i d , ^ , I 6 t l (1035) 
S8, fi, -Joafta ;y(Ml :•• ni3««l««tr<'«, i M d t , SS, tS24 (1934) 
m, B , » , mda i «« U r a e r i a g , I M « , S§, IS fS (t* i36) 
TU, H.K, 0 0 l « « i d .«T, Vostourgtl, I b i d , ^ , I S l t {I94t^) 
t i , J , ¥ . Oaaii and ^ , C , f a y l t r . I b i d , J 0 , 1484 (19St) 
T2 , lU'-^, If named mid ft,-', * ' l i l© r« , «f, '^w, crhisr,, ^-^oe,, 
I S , 21t§ Cl 33) 
T 3 , CI, K l i i l i r a , B t t l l , m w t , r'!i3f«, €fti#ss, f te«. f o k f © , J ^ , 
464 tl*l34) 
26 
f S , ='»»-U l.atiiiNir, *'nieiafiti@a statsa of *'^ l«eMi«Btii Mid f l w i r 
nm York, tSO ( l tS8 ) 
T8, t l .C. (iimmht « J# i*to^» ^oe . . H i t 44t ,62t , fOt ,790 ( l « i g ) 
S t . t.,M. riKi»» im« c.A, »;.rii*i«, «!. As, cue^, '^-©c., ^ , 4t6 (l«>3^  
S3» ¥«^ ~U Qr<tiii»«sll, V'.K« ]biMi#r and M« Si^^veH, %• i-'^y^ilt, 
Cte««. ^ , 2S45 U t 3 t ) 
18T0 ( l«48) f «.A« iratttnsofi mA R.it. ?^*«*Dtii, " l e o t r © -
2 7 
m^ I^««ei **i#p<»rt» nt th% ttlMsrsl Arts FaottltjT, J^htisiMika 
Vuirmwmttf i'^9ri9» A), Hat. el» Jt# 25,41 Hom) 
8!J. Ike.ie, i m i l . CHeiR. «50«., Japan, J4|, l^^t (l«>5t) 
#o« fl.A« »tolitiis»0ii attd lU iU - t ok#» , *?- ' leetr©lyt© -^ol t t t iooK*, 
aaa f':<i» '"^iKlCTit* j * r#«« , Me« York , (8«2-4»l l ) ( t ^ so ) 
92, IW • tStiri ieft • l o a t © ?r©««ii« I n f - o l t i t l e a " , OHant«»r 1$, 
' : c a r i i i N « a i l , Hew Vorfe, 38 (iSfm) 
mm :••••«*. Bagehl, J , lad* €h»t . H«©, , 2 t , 4 U«IS0) 
94 . «?.f^ »r«a«tt ^=eM. ':icm; A«?MI. s o t . , J 3 2 , t o t t U049) 
9 i . r^t tA i»iui ftngehl, l ad . 4 . I'hSfii. ^ , 61 iwm) 
96. l ^ t t a , :'ir»«. J i a t l . I t t» t . ei» HMM&, jy | , 183 (ieS3^ 
f*T. $H»tta ;mK seagiipta, r^ree* ^ « t l , f i i«t . •'*«i., l»d ta , 
^ , i (i»»4) 
M . !?lg«a and '^ teke, S a t u f ^ w i i n i , p t . 453 U.t*5l) 
iOd, ' ' ' tek« m4 r lg#r4, f ' ^ntorwls* , j r | , S4S C'1^8"l 
tCMI. •^•t«k« am! ^igmit f.» wleetroehmm M t ^^* Hf>S2) 
1 « 1 , ' l « k « aii4 r t g e a , s^. K a t t t r f . j i g , 161 (1MB) 
1«>3, r i ( | «o «m« -iofcn, . 1 . f l i y « . ctli«ia. 5 § , t 0 3 U&S4> 
103. !*iitts., Matur»«l«», J £ , tm {im2) 
104. » i^leke aa^ Hm, thid^ ^ , !<)« (1»SS) 
105. Oa««m, IWd, ^ 9 ^ 291* (lOSa) 
106. i)tttt®. Ib id , ^ , m^ (1«S2) 
' * 
28 
im. tmttm. I b id , JO, 81 itrnti) 
108. Tmttm^ Il>i4, J l , 461 itm$) 
t o t , Ha^Hl , ?• f l««tr««tiii®. 5 J , 138 (1§58) 
110, '••ittkm i«ia l?tt«a» *^» Fl*etr<Mih«Ki, ^ , t4«? f l f tS' j ) 
1 1 1 . 0 , ->eat«lia»^ ana '•'•s« r ' r«Btlsf>, Cli«»« i«f<r, | ^ , 
139 (1#S3) 
l i s , l«,I . »tt«he««k, J , A.W, mm* ?o«,, ^ , 3^T6 U«S8) 
l i s , I I , H , iltiriMMl m<l I t , ' ' ' , r l i l f f f s , 4 , ASI, t? i^HM, '•o#,» 
^ , 13S0 (19$2) f £ S , 65g j a i t t ( i t S S ) 
^ , l t5« (1985) 
l i s , l?,A, Ougiieitlielm ayui j,f?« '*vmft Trmt«, #ftr^daf ^i>«,, 
50# 231 (1954) 
.^t«llrfar«tli, S^, t i S U«54) 
I IT , H,,^,, not&l»»«o mill !B,it, ^t)^lt##i^ *r'l#«ttr»lyte H*lBtl»ti8*, 
v.K, iJmwr, J , lies, s a t . Bwr, r^fnad,, ^ , 2S46 (tmi) 
H i , y,t«, il«ini»# and 4,r; , lxm«l»oi%, <l. Aw, etocta, ' e e . , 
119, A,A, H©f»» and c,T^, r r««d, ti, m* ehe«, ,^.«MI,, 
Jk2, 4f« (1920) 
ISO, 4,11, Jtr«im«t«d« -7, PItyslk, 0lt««. ^ , S4,744 (1909) 
1 2 1 , :^, »«g«.r»liy, ? , «ai»rg, Cte«®, J ^ , STT Cl»^*4> 
29 
1S5» T , Yd« l i i4a , df, C I I«BI . ''^OC, Ja.p.iiii, J j ^ 34,136 (1921) 
120. ^f. Obafa, J« '»»r©«, t^teyn, Me t» . -*»©. « l« |>^ , ^ , l©i* ( l t i l 9 
1 2 t . ' »f?, V « i » ^ r g h , «!. ^ ^ . Cheif»« soe . j | 2 , t tSS (192t ) 
128» ft,c«. 8 « i « i i , " f l«s©tjr«>i»«lri« |3tt t j ^ t e n s l a a t l e n i i * , 
t l « f , M#t» Yo rk , ISO (i®S4) 
130, ^-^•t'» li#aiA«ra<ia a»d n« :'ttf»g6^aii, J * «^ i»« ilhmi^ 'oe*, 
J O , »4 (1«18> 
t a i . '^•^» llfi8i«r ««»« l>»H, r r a l g , J , r l««-tro©h«i». so©. 
i 3 S . ?»»R« Mathar «J I^ .?*•«• \f»«Mr Mibqrrl, lod i . Sour* € h « i , 
t«s? ftrttd«r f»«Ml©att«s>«) 
a»rt t i i « fteerwodfitiwit© f^oantftirts o f s H v « r » ' ' t l i r t i i ' f J l t r « t « 
the * ' f | w t ^ « i i m oa r'l««%ro4« f-'roe9»««»i^, ^ 1 ^ a t 
• lodhpur, I n d i a , Clladef t i t t b l i e ^ t i oa ) 
30 
of ri®etr»4Ni i^otmitlal fwd 1%# w^imiii^a of 
fh/ettnaiSfatmie Ww0f«ttimm of Htl"r#r-!>»Slv«r '« l^i03f^at« 
r!l«etf»<nao«, pr»««tit«?«5 at tiwi SSth Ajui«ai -i#««icMi 
of tli« h'atioaal ^ta^emf of ~««lfHa««s, In^la^ \mlA 
at f»r®«»«i fro» F^b* 34USi» tfl>6t. 
l»s« p*B« Mathur smd M« lcoir«if>;i««nMiy *Ittpr«)v«ei«at(i la 
or rftlfititig t^ tlt« pr^i^mi'iSoit of 8lat«reNa »iiv»r 
«l«iitr(Hi«s for iiatt©rta«t i*»t«»t Ho» tt«S«, 
l>at« of r%f>plleftit^a! 3l<->l«>t9@4, imti af /!^ ee«i»iiitta«t 
;go«in«»t96S* P a t e n t aasiipge^ l e € • ^ • l • l $ • , I«<dia« 
. i^r ^ t;• m i*^  •'*=>•%*:?ap.>s; «J* ^ > 
a i 
01 
•o—Pi—lK——»—II iiHiiiiiiif) linn Knr mfcini f Mi l * ' n i lu iliii 
32 
i « iSefia*^ i » (BleiMeioiil taii$Ufig« i ^ thm %mi^ Mnm in 
l»rl«igiax th« |i«)ia% eliargtt fr«Hii i n f i n i t e Sintmrnm t@ tfeMi 
IMiini *A*« Tbi« filKplo d ie f i t i t t i fm of pe tea t ia l os^Fiiljr 
&•!{>• la der i^r iof & »i i tN»«ai ieaI escfuresiiloit f«»r i t l ^ t 
oei t t ier I t t iv»t t 6 e lear phf»le»t p ic tu re Qf thm potem» 
t i t i l mit I t r e f l « i i t « l l g b t tip^n I t n o r l g i s «Mftd«r Siffer4»at 
eiivlremem*tttal e^b i l t i cmi i * fh« i^««ilfeiit«tti4}ii of potina* 
t i n l t hn» l>e«!»A aft^oelat«4i w i th a large out^ fecer of «tate« 
of the exletaoee of »a t i e r fm4 tb9 imeQital l i l e t r i lH i t i dn 
e f olttirgee nt ttie ttarrmr ia te r faee regioae tietweeo t«e 
ptiaaes esae t i t i i t i t t f m ehmtg^^. dootite lay^ir* 
the aev«Ie{WMmt ©f i»otettt lal» &t vnrl fms inter-* 
fiieee i r i s * , »ete l /ee l i4 l f metml/fmlintiim, mttvi%i(a^m>ln%i»m 
miA ia» / f )o l i i t i f ta , i e m OOWHMI pbwitoi^'^^oit te oe«iir i o 
aature tuider t ^ « ta t i o as ««11 «e dsnii»«ie eoadtticiQe* 
TlHB extremely h igh voltacee ^eveltiiied liet«««m o1o«^s 
dnrliam rfi l»:r 9efmmk i e eae of t l ie nont eorMum itheno^oimMi 
of i teture l ieing »heei^«^ «iaee titf^e i w o r t s i l * 
^i»ee» the #i»ci>Yery « f t i ie |ilieni»!U[>iioB of 
e l e e t r i e l t y br 6»lvani mnn tim »ee»e of i^eiieriitiag i t 
hy neetntnieal end eteetreeheii iocil mettiede hf Farmdny, 
i f f i f ferei i t t y ^ e of i iaterfnee potei t t iRle hirre hetm 
Gh9mrwit4 ma rmitQwt^ ia l i t e r a t u r e * 
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:\» lii(fif»nt«^ in tli« ohftirt gtvwa Iter^c tlui 
• tue t r i ee l {M»t«ttl»li« g«»eraied ma/^^r vnri^«« tt<k»4l ttii»tii 
9a» ^roi^ly ^ elim«tlfi«d f i r» t in tiM two «ataieorl«tt vt7«, 
Phfmtenl mtmitialn ema tnw^mw b# tm1^»el^m9ilti«d vm^w the 
lt»0a« "riiiMitrostetl© vot^at lBl ' , Mi!^pi©to«te!ti« fut^attml*, 
•flj«-rs4i#l<»etrl« -'otwittal* mt^ *i^i9teciIoetrie »»©t«»tiiil»«, 
th« two l»]r©a^  h«^ifigft **?tatl© fhm»m f»©t«Mtlal»* mid 
'i1ta»i«ir9r «l«otjrlelty mk^ i^um tfm #leetriealAi« > , 
g«ierste<3 lisf eleetro«t«tl© mcaiii or ^a<^«r t'>.« JjitflMeiie* of 
ei»ipi«ti« f ie l#t th«nial or et«etiro«npietie tiHflfnt>ae» ^t««NNi 
tte« tw» peifitH ia t ^ iiti^ i« (eoadiietiiig mt&iti^ t\m |N»t»iitln1i» 
ore tmim@4 mf *P6fsteal s^otcatii^ls', mi the ma^ni1in4m et 
tties* |»0t«attal« Is d«|»«a«laiit ti|>«ii tb«> ifitoatitty »f tlNi« 
txtftraal fi«1d aa^ %li# eoaaiiettvttf i»f t ^ rattier thaa tli« 
©h^ile^l antler* 9f fhai o©ii<iw«tlsii ^HiiSIa* la wacli ©aiMiii, 
tlitfrufor©, ttoe rii^iiit«a« ©f the i^t«^t ial ©»« b« «tlt®B»i 
Uf etiongimg th« fftcin r««|x»ii«ll»l« for KMMmttat the 
pot«Btlal«, 
(4) ri#<|»|r<|3tfttl« :*et<ijatt8li^ -fefrttftir^ r t«© eimductiiig 
materials sepwrntoil tef vneuu^ or n low iil«leetrie «««t«rl»l 
are «Uarg0d l^ y «««eH»iiieal s»fiAs» m ^tuNitial i« d«v«li}|Mid 
aer»«« tfm two plat«», ttui «8Nipiitiidi« of vfkieh 4ep9a4» uptm 
th« lihysieal 4lwm»i.mik» ot th« #(m<$«ietiti||t mfmttm mi4 m 
tim ;3ii|^itti<]« f>f efeari« Dlneed ^ tiM edadii«t<ir« Than, 
V « q / » ( t i 
v%eT«, *ft* t » ^ ) ^ «l iar f« oa tlM» snfrf^«« of tt ie ei»a<Aietltt|r 
«»««dHi<>MIII»l»ii|<l»»llWli WMIMI I I I I< i»«»lWIMlM«W|l l l l l»>WI««>aWW 
IK»t«atta) a&if0S8 i{|« tiit<» •nd p<ii»ls of a eori^iietltti^ 
3,4 
(3> fh»r«Ne>«lfiotri© Potejatift lt "1M® two ©ondtte'tiiiK 
wmmmmmmmmm 
mt<em«mt aw m»f wires ©f t l t f f « r«n t eetMiwetlvl t f «r« jotaed 
at &0ili ©»dfi pmi& cm© of t lK Juaetldim I s ^i@ftt«^ ctr ee«»l«dl, 
a po ten t ia l i t dteiwloiwNJ at t tm otl».«r J«aettoa wfeieh I t 
l(ao«a (%m * f t t«n!o«l©etr ie i'©t«aitiiil» aii^ ett© |;rt*«»o« t^t<ia 
in kuo«a «i •-'^ '•©*©©fc F:ff«©i*« 
5 
(4) ;ti©t©eltt©tri© P«t©ttt t«l i flwi fummrmtitm »:»f jMjtfMitiiil 
• • • I I I IW — — 1—III II II I M ^ I t — i M H W I — I W W W I l t " 
^%wma til© iis©'ji|rt>©©d it»d ill© «xi^©©4l muTimm» of oor tu lu 
•©«tie«^sidNMstliig i»ti«it©ff©iisitlir© w©t«r i i i ls 'i-Amw tfew laf la^to© 
©f l l s ^ t or © t ^ r e l«©t ro^nptc i ie r©di©t©r» i s i«r«i«d ^ i 
*FH©t©el««trle F©t«atl©l*« hw 0t«t«4i al»0V© ill© ^ctgnll^^© 
©f ttmme p©l©ntial© gma»rmte4 hf phfmienl mtfrnn i» n 
v-^riafe^l© pjaraa©t©r mv- A^ftrnvAm UfHm th© l«t©a»it3r of th© 
m&%wgf jiopi*©© ^^Mi ig ifitp«M»t ©Ith ffei© sBtertal©* 
li©ja©v©r tw© |ili»»<?s mmh mm «©li{|«>solld, l l q t i i d * 
©tM^MK t© «©»tf!«%, a mit«{ i l l u tu r i i e t t ^ i i b«t««4»a ttwi mtrftvon 
i8««rgl«© tate©# |>1©©© ©«tag to t iM ©li©iffleal © f f i i i t t y of tti© 
tim im%«srtmf» Bm4 thm» ta t6« |««&tni; ap of the t«o 
fHlieM(« %f 9i«iiaii »t m <i}i«rg#d i kwt i l * lasr«r» fhm eliiurf^ 
piot«Bil8l itT-€ip aier<>»« i t * f^lair« t l i ^ g,m&mitmtt&ai «>f pctten* 
t t « l r«»Mlt» tr<m %hm obeistefll a f f i n i t y er tay tfe* fr««p 
•aerglftf i &t nyntemmt thm fttgn e^d m^^altni'i* of »wih 
imt«nt i f i i i f l « e^atrol l f i t f by ttwi atttar« <^ f th« rj«t«trlftl® 
as ««!'! as fe»y tt i« tib(<>i*i««>^ )NEiflii»io faieti»r» swih mm t««»|Mirat<ire, 
pressure ^i«l eotiottotrsitoit* ffcW' ast|piit»4« n f tti««t« 
;M}t«£3tltilii oai^iot tl-itrosforct b« liior«»ii«<$ te ^ay ^€i i l r#^ 
®xt«tit ii4i titose €»f tfeu^  pttyfl le^I |»$>t«iiti(tl» «»# tfe« f€»rm«r 
«ir9 e^i tr«»l l«d Iry tiM!> »p«9iiie HAiure of t$i« isnterli^lit 
wAiieh i g « wa«lt«rj^)l$l«, triHile tiMB l t t t i « r on* HIMQ tite 
f i e l d s i t re i i f t l i ot t h * iiaergir »@tsr«r««t wftteh i « oeiitr«»lI»%»)•• 
^« >;;t.qitta t*||,a|i^. ,t'.Q^^%i<|Hfi^, 
I f t l i« i iroieitt lal generated »t »tt ittterfsMic of 
th« two ^if f f « reu t pteaii«« ona b« 0liiHirr#d at % ^«t«ll i<» 
« l imtrmi« t^ tMA %N»^ wf t i i« phmtmm mttm kept m^mr «t«t i f l»f i ry 
ootiffitloaft it i t ia r#sp4i«t to tmm mmthafr, i t ^sy %€« ter«i«<l 
an *i'^tati« F^&ft* r»0t«iit ial*« %i»mt of tt i« «ilieetr<»^ mf^imrm 
em»|)ri««il o f a »«tta1 i a e«iajuiietisti witr i t l i e i r • I t c t i ^ l . y t e 
»€iltitt<»» aw SEollds iwD)«14 r»pr«««iit t h i n omtmgorf &t 
poteati«tls« 
rul lchrtni i { » a t ^ t l t i l <}(»fiaiti»n tutlm vm^r 
t l i i « iJlas»^tfi©fit iaai 
(At i t h ef«?#*!<!>» te> ?^ii#«luiqi i td I a f r f a o » ) 
<l«»«»*»««>««ill«IMII»»«MI«>IWI»W»l<i|»lllll>i<» III WilllilHIHIXWIK—III Ml » i j I W » 1 « — — « — < — — * « M » 
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6 , t 
it) Ctumie&l f»ot«at*»lt { f^l h tfe» p a r t i a l «M9l«ar fr»© 
•>«••• m m 111 • m •» m MI W i • n w '^ 
«a»rg|r or t'tm | i « r t i a l n^ la r f rm i «uthalpjr of a ajrtitfi^ » f 
ffi>«ele« * t * Iff i(»fw«<$ «« iNi*0tMirPi«al f ' o t e i i t i a l * . I t i«! 
#ii^reBfi!«^ fey tlt« «*niaitoa, 
H - i ^ ] - ( ^ ^ <^' 
fHh#r« yMc In « «©a«tiM»i, repwiteat l t tg el»«Rie«l i»*itentlal 
0 f i l l * l«f»ei §im mt u » i i j^artlnt. |>re-8K»r«« i'Sffert^fio^ii 
1« tN i eli««jl0«l ^ t « a t i « l 1«a«l ti» th© t r i s i i i t t l o i i of « 
sulmt^^iiee rr«m otm pl»a«« to ^iiotli#r« TtMi eli@^le.<*l 
fN»t«utl»l <i©|j«a^« «i>©ii tt i« t«i«i?#ratttr«, >?r®«»tir« «tt^ 
elw '^Jlisftl ei>«ap«!i8ltioii at that pimmm, 
8 
(3) ,-*i«a4l»rd M » « t r e ^ Po i»a t ta | i (K*)? A 80«<iiiiial 
i«aer»t«lt at nn •liNOtroid* I s na i ^ to h« diait^ariS .pot«Btial 
*K^*, vtMMi mommtrmd agaixtat the Kt^i l tard bjpifj^geii c l^e t r^^ i * 
M»l v!h«» «^} ?fi« iitil»0taaee« Inv^tiNi^ i n et o%i«»i«@l rft«etlc»« 
ta %tm i^V4»rsil>1« e e l l ttr« at u n i t ae t i v i t i r ar f ug i ^ i t i r 
(tt»ermo4l9»0Kie pr«««iiir«'^ * 
7}i« p«)t«fit inl of 7^ «l@«tro4tt wtiieti i » #jipr«*«i«tf 
fey %^ thrnvmisniynsmSe ©iri>r«»«*oiif 
«^ l a ^ 
«l^«r«, *K* I s t i¥i fH|tiill%iritt» emtnt^^it imd '#* ttee a e t i * 
irlti«»A of ojEiHaitt mtd rddl«et«mt, tlum r<etltid0« to th© 
f o i l owing •:ie|^«ff»iaiEi, 
»* - ^ ^ K (4) 
O 0 
arti twits'* 
M « M* 4 # ( 9 ) 
Pr^p|<l«S tlM» t«i> r«dox «iat«j i are r«Y«riait»l«« 
ilk« • f f t t i t tb r l t ia o f fitHBti r«44»« • t u t * : iet i iiir«M( r t«« te « 
p0 te»t ta l vAiloti In t«ini«Ni as * le^»x '- 'otwatlal* o f the tfstem 
and e^ sn ^ f»l»*ttrr»^ €i» » @t«talll« onorfnet mm t hs t of tti« 
l»latlit«as ^ l e b t t i i # l f d&«ii not e#» t r i ^3 t« I t s »wk potent ia l 
i l l e0nti«t»t w i t l i t l i« rm^mt o l«o t r9 l | r t« tiijnet««i« fh» plattotm 
iiarfae« «g»r»l3F «Nit« mm Urn i i it#r?s#dl«t« ©nrr i f t r of el i i* f#« 
lu th« e!i«argt tri^asfr^rnatloa BM m9%»hli»immtk% of redox 
mlmrm^ *i»* l@ tfeui »usilN»r of «l»etroe« t rat i»ferr«d Rtt-d tlii» 
par«a%ibe8#fi reprffisent t l ^ i e e t l i r l t i o i i * 
i4) CoacwtttyaticMai p<it«itt lal» %«««vtr th« atolttttoiiM «f 
1 w Mini mi HI—«!»«——> Ill II mi mimmmtmkmmmmtmf 
t lw two <Mffere»it eeaoetttr^iifitttff « f the sa-!* «1<»otrol3rt« 
iso i^« i u (Bontmit, a pe teat l i t l l a <l#ir«l«^ >«d at t b t iat«rf{M»« 
«htch its km«nm aa *Coaefii»tratie«i Pot«at l® l% fh iB p«»t«Qtial 
i» «qi i lval«Bt i n n^gnituilo to tl%e fl l ff«rene® %«t«e^ the 
39 
mitiTit%e» af %hm mtmetnaflfti and in giv^n hf tim «iNi#»d 
%@r^  of tlf« i t«r»*st e t | t ia t l ^ i v i s * , 
p ***« J <t) 
*3 J 
10 
(S) oy»r Piit«M»tti»li ( ^ ) i «'»tilag to th» fae t tbe t « 
»wiw«wni»iMimii«wwi»—Willi l i i i — w > N » 
»«^li«r o f fttet<»r« # » n t r l b t i t l » i towiardis t l i« «rrerimt«ntl a l , 
tbe i4atitr« ^a^ d r i g t a af cym^rvoltageff ore »f»t very wel l 
ittidertft00(i» Oy def i8 i t i t» t t im efetserred Ismreaiie i a tHe 
•te«tr»<A« f io ten t la l <lurlug the pa«9«g« 0f ovtrrent trmt 
i%» rev«r» i l i le iralBe l a %mim»€i a« *C)v«r|ioti8Mtlal* at Urn 
pmr%iea\»r eurrent (t«i»»it]r« 
!itiouI4 not lie infliae^fiiell l i f p&Bmm$,e «f eiirre««t liB to or 
f r o d i ree t l im* i n ;>ritetlee^ tiowever, ^«et of ttu» r^ver* 
»lt»le el#etr«»ie ejrst.era» iir© not i d e a l l y |»©1ferte€w8 nfBtmem* 
lth0 tyvenroltase c?r iii^y t l ie externt «»f the < l r i f t i » the 
electrode i » t e « t i a l fwom It© revere l l i le ir«lwe by imesliig 
ee r tn ia oi i r reat giv©« the Itti jf leattoa of thai order e>f 
r e ' r e r e i b t l t t f of tHe iiy«te»« Him ebeerre<l everrel t ime 
i i imal !y iN»fitrilf»ted hf tbree f<»etnr», l e tiMi algeiereis 
mvm of t ^ <»verr>»t«nttel faetere v t s « , *Otet«* er^i iente-
-it 
timoe e«^r i>0teat io l * , *CcM»eeiitrnti<m r^irerpetettt ial ' a»ii 
t l ie *\©*tVBtto» v>ventet«att«le*» ffm orer i to te t t t ie l i» 
eaepreeeed by tfeie ec|ij[«ti<»A, 
40 
otmle 9ir»rrjHeit«ati&l C ^o > t » tt i« po te i t t la l Afop 
mea»ntF^ tn mMpertmmti^ i9»« to ttt« resistaste* ai th« 
«l«Mfttrol)rt« l a t i i« i r t f t e l a l t f nf t tM « l « # t r ^ ^ « 7%t« 
*€8tieefitritti<m (>v«ri*«»t^itl«1 • (^c) *» ***« |K»i«attai 
0r9p ^ew&»M th« 43lff«9CMl dlottbl* l a f v r o f t l i« ehar^^ i iimB 
i n the vl6«$i»tf3r o f ttt« oleetrodik, TME« mttuntt <liMifil« 
lairor lis f@>nse^  ishmi tfi« eurrei t t i n paii«eH$ iHreogfi the 
«N»I1 iMi<i«r«ito04| lm% may rnenf* l l l i « l | r iNi 4mm tm iMt«rfaol4i l 
f ree ma»rigy etiMOfe «<i»tr ib«ti( ia te t l ie e4|nilil»ri«wi s ta te* 
bet«e«ii t\m t^Ni f^aeee I n t l ie v t e e i u t t y i i f t l ie ele«tjrt»de» 
c 
i!oweirer, t l ie lanture o f l l i i e Aet iv i i t lo i i ov«i ' |K)t«»tiel mi4 
l t » rels i t loni t i i ip i^lt l i t&e ery«tAll«^ld film mt4 « l t l i the 
f ree euergy <»f l i e tri»af«>rmatt@a requi re e i3eei»er et»<l|r AS4 
de tn i le i l lave»tigatie4i»« 
C«l) aedeae * K iae t ie Potent ia l i tienever laa A , C , ourr^i i t 
i e iiipre«ee<i on %im iaeotublo eleetreses m&j e f plnt imHi 
»etikl <iip|M!i^ l a »t e l e e t r o l f t e ikolutiea ami o»e of t&ese 
tee eleetre<ie« i e eomteeted w i t l i a t h i m ftlatiatue eleetrode 
ttire^gti n e«rr«ait or v^lteme »eeeuri i i f Inetriiwieot keeittie^ 
t l ie t i i i r ^ eleetrede elee IraReriMtd l a a m»liitloa« a iroltage 
i e olieervwl l a ttie «wter i aep l t e ^ f tite ttmt that there 
l « no %mpw%m^e4 eurr«iat lK»tiNi«!ii the ^nammf eleetrotfe tm4 
tim (30tiire e leo t iw ie aor Vn»re l e a dllffereiiee i n ttie 
atttare of the !@et«l» of two eleetre<lee« f%tm tfpm of 
*^»oteatiat geiuirftt ioa liae lieea am^elf ae * HeionKM-Klaetie 
Pote i i t ia l * or *r«rfitd«ile i^oteait ial** Tbe octtiee ma ttoe 
41 
MMihanlfifi mt these j}9t«»tittl ibar« Aot Umm "wvll «id«r«iocMi 
SG fur* 
i t 
<t) l t i | | | Fcttential; IJ ^ Q I * ^ . . ? . ! •'^ ^ |Kilarl««d i|n»«ii of 
«lMitr«i4«« i l l * tt»|pi tulle of the eteimne ^r«9iNat ia tiie 
«e«ble l»f0r at the lAt«rf«e» atm e»«i ly be altered oa 
pmtninjg tim eworreat tlsreai^ tNi eleetrotfe hy gre^unlljr 
e^ttstglBg tlM» ini>i««tted Yeltnge oa the eleetr^^le, neif ^Mm 
n f>t»ff« enn 1:»e reached i ^ r e tjhe te|ireeRe<3 veltsge i» «tieli 
as te ecKipletelf ettqttlJw out tbe ehargew trem tlie doulile 
leyer* fhtn partteular potential «ltieh eorrmnpenMin te 
sere eh^i-ge stttte at trie interfaee i# fmowB. $m the *H«ill 
i^eteotial* of tiMi eleetrode sfsteni* 
Clt-14) 
(S) M;^  - Poteatialt lo deflAiag tli« etsailard poteuttiU 
ef mleetih»4m»t ^y<^F»gea ele^^trode vHbeee poteittisl at the 
oa i t e e t e i t l w i aet i i r i t iee ma^ fogiMiitiee of hydrogea tone 
mui of lijnii^iim gee re«ii*«etl¥el3r« i» arUi t rar i ly t«dc«a 
a» tbe refeirenoe eleetro<le« *«»gi^eiitiotifl ere nude to nee 
eertaiA other tdeel eomditioMe of the ew^ eleetrode 
ae tiMi referefiee eieetrodte, «ltieli nay iNi fekelpf«l is tbroeiac 
»ore l ight oa the tuHereat aetttre of these eleetrodee. 
A y • |»oteittlal eeale ^t «» eleetrode i« defiited 
a« tiui dtffereoee betweea the poteattal of flie metnl «mder 
the giToii eoaditione aaid the eorreeponding i^olue of f • Q« 
neiMte, v^  •> |N»timti8le of eleetrodee repreee^t imother 
eeriee of potentials 'nt the eleotrodee oa a different ee^ l^e 
t h ^ hydrogeo* Here, the fetrnwrnaett peteittial is the 
|)0teotial of the aa-^ #leetr«^e »t tiM nero e||arge 
(Mull f»oiat) of the aietat* 
42 
^0 tb« hf^regma i iea l * o f | iot f tat la l« ar« hmi&g 
the ffipiltlcmit r«lLft%tQ«i«litp v l t fe t l ie ^««oii( i • l » « i r o l f t * « 
•m tU« • t i B m4 »taie»itu4« of !?* giv«» aa iaAtemtitm of 
t l i« #f»ir«ci <»f t i l * t«iuS«iM»y of th« eleotr«i#e t<i di»t»laii« 
byarogttii froffi aqtt»o!»« «l«Mstrel3rt#n, t t i« ^ • ] ^ i « » t i « l 
menlm tm ttm o tN i r feuMeill f « f l « « t s l i g h t on tlHi »tirf(i«« 
«liiirg« amtarm o f tf i« •l(i!«trodl« n§t%eriml9 mb& brnui* oa 
t b e l r «rH»<ilft« ea i€ i l : ^ i« e f f«« t l a ih« ^Bo^ie mid eatlM»41« 
pr0««ii«Mi«, f a e i l i t f t t e ^ or hindered by tlt« 7)re8etioe of 
•»>«««ive fKi«l t l i r« #ir Q«g«fiTi) «harge« oa t lM elsetrolte 
SMrf i^M»« mm «t«termlti«49 by i i iga atiS mai^ltvido of y - |»ot«ittli 
Oi) Abimlttt* ^tiUmti&li ftm m%mntiturtl el«0trcid« {)ot«atliitl 
oa fey4r^g«ii senlo nr tlM» y - fM>t«atlnl« oa tite Ber«> «ha«ge 
sumle o f t i l * eI««tirades ref>F«»#at o a l f t l i« p<»i«ittial 
dI f fer iNtee* of f l i« »lee%n»^ wtftt r«ffpe#t to <»ii« or tbe 
eth«r arlittreary staailard ref«reiiee at a t * iwH te^Mie* 
lB«j^l t« df i l l * f ae t t t i« t th«|r r«prefi«ttt a awamircalits 
i»ot«ititlals of »fntimm0 thtif <§» Bot r»pr«»«»t th« *AtiiMi» 
l u t « ^ot«nt iAt* o f tH« •l««t9t»#i»» wliietk fsajr lk« d«fiM«tf 
m» %im aeti ial |M»t«iitlal »f tli»ti« iijrattwiM wi tb r«fi->«et 
to t t e t l w r i ^ y t t B i ^ i * s«ri> fttat* o f t l ie elt»etroAt 
r«aetioii«« 
(Bi ' v i ^ ^ f « r f i i e « to 5ioliA-^aoiiitM 
or >>oli<l«»^o1id t a t o r f M i ^ 
<1) rvi««troofMmi«»l f o t o n t i a l t ( ,^L ) i 1»«« » ofcargo* 
f a r t t o l o of epoetoii * i * t o t raaoferre i l fr««a & point * ^* 
43 
at the eitAri« f r t© intiuity t « m pnint "P.* I n a !nat»rial 
plta8«, the work doii« by ttt« pu r i l n t e im <defla»d as 
• f leetroe!n»i lcal r»©tettttisl» o f tn« p«r t l© l« In tim 
phane * c< * i««»» jLil"^ • I t i « mxpr^anm^ a«, 
«her«» ict i>s the eheailoal i t o ie i i t i a l im€ 'IJP in l i « 
e&argtt p«r laolo, •?• 1« th« Fiwraday ma^^»'^ i» th« la i i^r 
potent* n l of thm phaii* •c4»« Hi© el«iitroeli«(9leal 
f )o t« i i i ia l 4«)pima» upon th« natitr« <>f tH« par t ia l® * 1 * 
ftn at ' I * ' t ' i« i»Brtl©l« In w i t h i n a mhort tmigm of ttm 
»p%9%fiG l f l t« rao t toa wi th r««|j'©et to th« ott ior |}fartiel«« 
iS) r r«c Chftrgjt or t>a%«r r e t « a t i a l t ( ^ ) i - - ^ « • * •« . 
t l v « t»f l t i«itoe of |M»filtiir« BHQivar eharg«ii o» th« f r«« 
•]«etrDa ©l»«d ;-i«r«ii«!at l a «i«tttlii giifmm rise to a 
f>ot«»tiftl #rop « l t l i i » t t i« !««tal ffhieli i « kooim n« " r r * ^ 
ClftMrge P©t«at ia l* o f th« wotal or of a itiwleoaduetliig 
«o l i« i ^a te r i a l . f o r « aplier© of raillusi *a% 
<^°^« q / • (10) 
Yili©ro, q i « tf i« f r«e ©It^etrea ebarg* sorr^imdit ig ti)» 
IS X 
^3) 2Mf«*» Ae** i rw- ' 'o t fa t la l i I ' X ) t t i i» serfaeii© 
of eosdtfOttafAlike isetala liettinre s l i g h t l y d l f f « r« r * t l | ' 
fro@ ttt« iai i«r btilte o f ttie nywtwm i n t i i« rf»»! «Dt ^ a t 
elthi^r t l ie ^oAi t lD^ or th« dAg^ativ© eharg© l^tlg«0 ©tit 
t<» »«>«^j© ext©*^t wi th r©ii|i«©t t© th© ott i»r eh«arg© sad 
tfeHt© ©otttrltJi it lag a dlnol© mi t t f f srurfoG©. tteln mtrf«®« 
44 
eif^rmmtm^ am, 
(4) Inner P<it«i)tials ( j ^ )i fhm immr pofeat la l of 
Goadtioti»g n s t e r l n l iii tb© nlg«&raia nnm of the pQt«B» 
t i a l s e®ntrlbut«<i a t ttie saetal iiurf«*w«« !lf th^ orl«ah> 
t a t l o n im6 tii# fr«# eH»rg« i»ototttlal 9Mimtiag within 
diffar«%8c« ^t««et» tbft two phases i» kmiwa Dii'Volta* 
or*Cmitaet ' o t ea t i a l* diff0r«ti«e» f t isa$' I>« aot«M3 
tlii*t the vi i l ta fiotii»tial d i f f^rfsnoe t»«tii«@ii« say, tw© 
( ^ t a l 8 «onId de|)«nd upoa t)t« aattiro of tl»« •a«rgl«« 
of fr«« e leet r*«« In th«* two i*i«»e», 
(6) cialVftMl P«t«ati t t l i ( ) t fli« Inamr po tea t l» l 
•I1MWIII WHiH »• «IHIililllMMIM mil m i n i — M f c l l — I N I K 
Mffmrmmm b«tw«r*ii tw© piitt»«® i s d f^lJWJfi as Ihe •fiftlvayiit 
'«t«atti*l*, 
Th© g««lvi»ai |K)t«tttt.t«l «flff©r?»ri©#, tlitiw e«^|«»»«d of ti»© 
ooopowietits, o»« eorr«»'poadM t<} tli« dlffsrence lN»im»«i 
energy iitat«isi of free ©l^otr^aii «i tht i i tw» »«t«l«i 
the other ^Ifferettftee betv^esi the mirfaee energies 
45 
of ili« two »«tfil1to p^ammam 
(7) Immm i*i>teaf«lt tlui j&9t«iGitial &t » r«el p«rti«l« 
@i a »tiort dliiti»M&# from thm ffwrfaee of » r«al I I ] ^ F « 
IN ee«ipos«d of rRMi&am {K>t4»tlal« «ri»l»| | frcM? 8tiort 
jraaife iiititrfiotleiiH l»«tiM»«n tli« |ki^tiel« mi^ l%» clMitflttAl 
ett«rgy* Tlilfi ittt«riH»tifiHi giv«« ri»« to » |>otMit&al 
• * ^ (18) 
tiftt#rfi8t««) 
9 
@obllitl«8 of diff«r«iii imkn KTW iAff«riiiit wti^i«ir«r 
tlk« two dtff«rciit elcetroljrt* fMsltttloas eo'« ta eoataet, 
ifie dlff»reut ions i»tgri*t» at lllff«r^it siNii^ ^A at %tm 
iQt#rfiM»» of the ttm •]««tr«»lrfe«« nsid li«««« fom • 
^wtddrf o«t»g to tile eiffmfttmmm itt t lwlr lioHtlltiiMt 
ooasistiaf 9f iBMifiitel utmlMir #f elmrgii ii]i>««i«« of 
opfm«it« tyi>« aa tb« two 9ppoiilt« f«te«» of tli« htnmAmffm 
ffhim e4w^9 ri»e to & p0%«mti.mt at tlui ttttiirfaee of ttt« 
Potwatiml*. f t l a r#pr»fi«fit»# Hj^ t 
J * — W 
46 
(2) wertir«a» f>ot«iitt«li i%J t ^yhmmswr turn «oluil9B« 
eoataiaing •!petroljptes ii#« tHtparAtft^  I»3F m wmmhrnmrn 
pena««^le to a#)it tif i ^ loo* Imt Biot %& mtlmtrnt OB« 
Ion, a p0t«utifil i» 49r«tQpe^ aeromi tb« mmthrmm 
ubieli i s IcaowEi as *M9mhr0a»m Po%«atijil* Eiai3 la axisraatai 
@f >^Abto» « i^ eiuiao tiieorjr of ^upabrmia «4|«(ill!iria* 
^ ^ 2,303 X af 
*'U « •• • ^-'""»•" l a g X / t (IT) 
wiMra* *X* fliKi *Y* raj^raaeat tiMi eiHnsaiiirattoaa of tUm 
paitsaidila «att(»Ui mt. ^ Sm taa aiiSaa of tha nta^brsw^* 
THa iue l^Hraaa potaAt&ala ara maatittrad ualag itf^oitiaal 
]fafar<waea alaotroHaa ravarai^la ta aaaa of ilia a i f fna lMa 
toil aftaelaa imd eaimaatai hf anlli 1irl4gaa to tha taa 
aalutloiia on itia epfiaaita alda af tha iNiK«%rana« TYiay 
are uavatlr of ttta ortfar of i 3 ta S4 i i l l l f volta* flw 
isiaipil^ i«aa m&A alipH of ituoti potautlala Day dapa»i upoA 
tlia algel^raie «mk of tha fraa aaarfiaa of fot^i^attoa 
of tha di f faraot h^idratad taaa tw&m tha iml^y^roaa 
eryatel l laad fore^ of t ^ a lae t ra lHa* f 'vl iantly, ttia 
fraa waargy of fortaatloa of jtef^ratail salt @m m iiiiala« 
i f i t la workaiA out for varlcma aartaa of e^wipoatiia* 
%hm lifiutd juiMBtloa imteatial ^aralapad at tha iatarf^^a 
of tim aoltttioo of mtf tao of tham mmj lia aatiiaatai* 
Coatrary to tba raravaitila a ia ta l l i i alaatrotfa 
intarfaea aqalltf^rta taeliMftiiK tvdox pwttemmmit aliara m 
/. 7 
#le©trrv« ehmtm tWB&»t<Br iak^ii plmtm, the | i0 tent la l« 
geoiirat»cl m% th© ti»t#rfiW«» ©f t r r«v«r8 ib l« »y»ti^», 
utter® the ^mishtmg^ of ehmtg9 tmromm thai toterffie* o^4»« 
not tak« pirtee njMt fur ther t i^«r« nozie of tlt# ptia«te« 
im of P»«t«llte I4ature» i« itot ,-jr«Bti«»tolo i« tsuasiir* 
ttad«r tli« s t a t i e 0trrt« of two pliM»9«« lint oao* (uie of 
ti»« two pi^as«« iMiiii^ary f3eir« pant lytottiert iH« poteiitlnl 
(Sro?'' ^sormnn th© ltit®rf«i^« bwc-'mes ii|j;>ereiit mn& th«tt I t 
i s |>o8 liblii l^ y f»l#etr#kli»«tte t^lmiQoeit t@ i^tasere i t * 
All tli<»ii« i»ot«iitialfi «taioU are cutosenralile umler the 
d;marf!te phmmm eoitditidite mmy t)%e.refore IM» «il{Mi»ifie^ 
• - l ec t rok i t t e t l e* or ''-"eetii Fotewtial*, •streraalrig 
i '«t©ntial*, •'^ '<««!i®«ittati{}« P«»t«tttlal* airf •M»»o1yti«a 
er^r^talliiiatiott loieMtliil* f«l l tmder t h l e e^tagory* 
( t ) ^ lee t roMtte t ie or l e e t a f*ot#ati8lt ( 6^  ) i Aaelog^ue 
to the iMti^rfs^e bmtwm^a & tmtmt im^ a aetiftiou» »i}lli9 
«tateri»1» "tweh as eisartagly e4»lul»le inorgimie «.»r orfiwito 
en l i e <-MI4@ G<t>?nfK;t}{idig trtteit eoftw Ici eotiieet with fiNftlntioa 
of au el pe t ro l *rte »r ao»»elee t ro ly te adeertls oe r ta ia 
charged f>fiFtiel«ff nail t ime, e«raet i tates tt ehnrg»& 6mthl9 
layer »t tim i t i terfaee of the twsi ptiaees. Tlie drep in 
{tote£iti»l aeroes tltl# (foul>ie Imfer i» a^te^f i^a t i s 
kauvd 8te •5-:lectrolJi««^tie or >-'e«ta '"*oteatiAl*, a« i t « 
exi-Htea©# in Qh»etnte4 hy tlie f*s«ir«*ri«iit of ©ae plmiie with 
re»«e©t to the other wi#er the eeuifiittoiie of impreffmrnd 
current (e leet rophoreeie) sma ftteo aaitfer ttm etiite <:»f 
force a©Vii«enl of on© {thsuie ^tfith re«,aeet ^ the ©ther 
48 
|C)iBno«il«i), '/nftta i»«»t»iitt8l in ri»pr0mmH^€ fey the 
c M 7\ ^ d . _ . 
h " • ( tS) 
^ \> 
»fH«r#,*W* 1« the dl©3«?«!tjrlo eonstaat* 
two plia»© isy%%imm mueh a» it^i »fi« tleauril*^ ftb«.jvp 
wh^r© ill© Itifwli! is f«>re*d %& i«ov« t-troagti ©anlllJMrl«ii 
of ft 8oli<! stioh a». tttorgiiulo ©«w?*©ting p^fuders, tlM 
el»<«»rr«<3 which i» laiowo »« •str««»la^g I'ot^ifttial** fhs 
-streaming. ':'0%m%timt t» the ftm«tl©ii «>f tli# rni© of 
««nrer'*®iit of l i q t i i i tJirough tl«& oar^lllai'y atid of tlie 
el*<6trotludtle or ss#@tii *)6t@»tia1 S4^el6i^«d at the 
tat«rfi*e# of ih© two pti«Mi#«» i t t« r«r>r«»««»t#dl A«, 
*' . » ^ ^ - ^ CIS) 
i>artl©l©« or «0li«l eiir»lJtar4«® ®oir« thrimgh tm #I#©tp«r'-
l3rt« ?i«1»«tloa «ltli#r «ii«S©r tti© for«« of gravi ty or 
0tht»r^l«#g k«epti-if. tii« fiol*Jil#ii i»h«»« ptdtioetaryt *» 
ia4ffer«»««» of jMjtesttal 1« ®«ti»bli8lMwl ^Nttsscri the tw» 
pha««« wM«h I s ?:n0f»i a« •'•'#dt?^#ntfttt©ii PotmntlRl*, 
re.-?r0Bif#iiii?<l by tlm min&liou, 
*« M T^  -n 
I t m&f %e 120tm! thm%- i t in tlie etiargod 
Aot]&l# tay«r mt %fm int«rfiM»e of m mflt^ m^a the 
id 
so lu t l o i i vriileH 18 r#«ri»oai)iltit« f o r o i l tli@»« « l#« i ro» 
k l f i « t i o ;>ot<»ttti»l« v\wre (me p^awm m&vm pm»% the oih«r* 
(4> D is fo lu t l oa e r f » i « l t i « a t t o & i *o t» i i t i f4 l isalike tl»« 
ra&iiif«£(itatlott o f 6<|ii i l i l irft iai fit i3tt«,pot«tittat <}ev«l9;»edi 
t l a l ge»«ri»%i6n at «i^  isNttnl nuwimie ht^ be^a obitervod 
tflum tfe# o r i ' s i i i l l * ttf a s a l t lrr®fi:i>eetlvii ehether. ef 
th# ««f.i« ®«tal or <»f tti« ot?t©r *a«t«l «ry»t« l l . l»« «t»dlti««l|' 
ou iiM& -netal »yrffte«( or dis^olv©. f ror i Vm s« t t t l nurfiw©. 
fli«!i!9 pdt«i i t tai ls getmratell ovit ig to the pha»« ehanne 
« f fl « r r « t « l l « t d ?a0t«rlal ha« be«a aotioed t© f3,# iij|l#» 
pc^Mlaat of t i i« aa'iMttre of tiMi @l«etr0d« «^tfii1 or of t lw 
o r f s t a i l o iHy^ i i t l a rge ly #«|»»iiil vtpoa turn ra te of ohiittji© 
0f i^ase i ^ ^ * , t t i« rat© ©f tr«Bi«f«r8iii54oa« 
Th« g«««ratiaitt «f t l i t s tjpm of |w»t««ittal 
ntkf fe« a t t f l b t t t ed ti» t l«i f r»» ©aergy o** triM:t??for-mtl©ii 
of i»fias#ii, tiii<l«r t))« dyniMio »oa*«qiilii^'>riti6s et.tftAlttoa«« 
50 
a i; r h ii h ij g i. s 
iottia«» ami Co*, L%«i«, t^sidun, 3 (1^51) 
3 . ! . » • €»ii>ff ©ad f • ? i l l l « r , ••fli«r«B««le©*rio ^ia%«rtal« 
§• /^.i« ?iw#5M»« laid L.A, i:iaf»rl«ii©, "Flio^o^iijetrlo 
30 ( i t aa ) 
AosAflsaio ?r««i i , 'Hmn York* 4» 16 C l ^ l ) 
t » ?-,e, ' ' o t t e r , *i»i'lii©4pl«» siwil A.ppli«nti©a« of 
t o , (J. I 'ort im 8»d .J« r? * '-', fioetsrls, "tfe^tliottic of 
51 
end Mall i*otat« <»f ^ietnlm*, i«^aittoll« rr©«Mi, 
188 (tS52) 
15 . J . 0* ^U !i©«ls;ri«» "^lodem Aspects »>f J'l#0tiH»eli#«l»try' 
Vol, 1 , Batter«ortt»» e t # a t t f l e PwiMiofsiloois, 
\AiMm, (103 - U2) it^m) 
16. f.!!, m i ^ , •Til© l^diuiiia f'imlllbrl.a*t «• ?i«n i*atf 
• «fiat, M d . , L#«doa, 14, (1*»32) 
17» T. ^^kmSlawakft ^f.l^ctrimimmitttrf la 81»louy «*>!* 
6 - T CiMS) 
fJli.© .^ fi©v. X, TS (1924) 
1^» lUA. ,^hr^mn€M0 •KlecirokSufttle j'lieswmiPifHi wiil th« l r 
Appliojttionfi In «l«1ogy ryit^  f^»«i©la«*, fta« Cti«»ienl 
Catatogtt* C««tf»{wt3ri l a o . , Ii#ii Yorlr, ITS (l!i»34l> 
e o u t / , • . . . . • 
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»'^ai»tllJ» Co. , Lt<i#, - ' t . !*iirtiii« '- tF«et, Lmj<S««a, 
Its© (tINIO) 
a; s;,y 'J,,. <l;,i^i,.*Ai.»€';.U.^t„i:i«»;!.*^jtii 
53 
54 
I-
o 
a: 
dd 
tmmm 
56 
C it A I' f tf 11 I I 
i» fti#iiiedaf«aBlc Kqnaiiea for styong a»^ ^ # ^ glf<tit i lyt«» 
Aa •l.#etr(id« •jmtwBi is uMially <lefiiMM8 hy tim 
f e l lowing tf\utm of «l«r«ti^Nft trimmfew •(fuatiim*, 
M* • • • M ( 1 ) 
M X (5?) • • • M (?S) • X" ( 2 ) 
« ! » • • potential w l ^ ref^r^ioii to th« liydroftn •leotro^a 
( i . 2 ) 
9orret»|iofid« to t ^ voltage of i^m followiog e o l l , 
Kg («**) / H X ( K I ) , n % (») / »l X (S ) / f (K) (3) 
iiH l^eh is eoastitute^ hf mtmhiuiag say ono of the above 
t j r^c of oSeetrode nyeto^e (eqttatioB ( i ) or (3) ) witfet 
tho itydfrog^i elootrodo reae t ioa* Tbrnn^ 
h Hj <g) « II* • e <4) 
M ^ C«) • a « *i (s) • x* 
I Hg (g) * ^ « ( s ) • H* • ?f in) • X* (8) 
Tlia olaotro^a pot^ititnl of tha tvKi ittdiirldttal bal 
a a l l reaetioaa (2) imd (4) eaa tie exprof^aod by ttia follovltt 
therm»«fy8f8Biie e<i«ati«fta reafseatiirelSPt 
5? 
Thasy tfe« potential of t ^ el««^nod« nft^ r®s|i«et t« 
(6) cMMI ( T ) , 
©r, 
e:qiMitt«A Ct) i a ttie gaueral tlifti«io€l|iianie •iRpr«itiii«A 
for ttie pot<ntti«2« mamatre^ ti^min»t Uus retermamt 
In th« «a«« 0f a tttro^c • l««ty«lyt« tb« t«ni« 
vmdmr r ight haail Rtd* bracket «r« eoor»rt#d lato iit«»iii 
tmttritf tertiii uaing tha ralatifmatetpa" 
iAiera» *V|* aaA *;<^ g* rapresant l^a noitlNir of aatl^aa 
and! aBi<»a pradoead hy &M nolaiMila of alaatralyta aa 
dtaf^aalatioti* Tba f ina l ttkamnodynasila aqitiati^i afe>t«i»a(t 
for atraas aiaotroli^taa ia tlmat tlM f a l l a a i i i i . 
^ • ^^i * V ^ l« CiiY4.) ( t t ) 
Do 
SiB»«t til* wak 9l*9trotft9 4o wmt §•% 0«iipl«t«ly 
fofmi •ottstitnt* an •quililnrttn 9mpr9mmii hy %hm •<iiiatloBt 
K « ^^ '^ ^ ^ ^ (ta) 
W X H X 
siitMtltiitiag It. «^|^V||^ f»r t&« q«iBtitie« la rl«H« 
haod si€« t>raelcei« ia •qoattoB (9) «• atoieta tii« folloi^fig 
tb«r^o4ipiieiie relatioittililf}* for ttie «l€M»troil« pot«atl«lt 
of th« nmek eleetrolftmrn^ 
o». ^ - K* - 1 ! ! la » « W m 
i P ^ * 1^ la K (14) 
t^ - ^*^^^* ^ !«• V (15) 
wliil«» tlui ttiemodyBORta •<|o«t&oB ( i i ) 1« adoptalil* for 
•troag el««trelri««* tHm •qoattim (15) Is ^plloe^l« to 
tfe« iNiak •l«iotrolyt« • •leetro4« •y»t«M«« 
8» iR i^Etraiiolatl^ t r:qtt»tl<w f»r #1^ pl w>»relyt# «» Kl »otriw 
3rw%yt» la Cb«^t«r I 5;««ftioa 8 aev^ral aodlflaatloas 
ot t)^hfm <m nu»k0t mqu»tttm fi^ieh oor«lat«« th» metiritf 
e<Mifflol«4nt ^th the mltitrolyte eiMiecfatrotioa, tiaiTii l^ e«a 
r«fvi««Ml m^ dl 90110 a«4, Rlgbt froiA oa* t«m »«1iy» •> ita«k«l 
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l i n i t l i m •qtiAtiiMB to ttir^e is»a ht(0mr t«ni (Minatiott* 
iaarm htum propomMI for tb« e^ti ir lty •oe f f l t l en t * ffm 
t t e t t i a c i^tijr* - ffnelc*! miuiJitiMi in too st«pl« to «ev«r 
«4m«««ir«tifiA ranges other ihmk •xtrc^ety di luto eii»«. 
Pei^ jw « Haelce] ^roastod eitaaiteBt 
ort 
logV« - A» Jl» • C» « ( IT) 
where t *^ » <* A for ii»l • anlTnlciit. eleetrotjrle, 
A* at •• S.46 A fer iml « Mvmleni et@etrolytot 
ftti .^ « m «- 7*35 A fer tttti • trtvcacnt eleetrolyte 
eevere f a i r l y wide d i lute e<»TOipritrsti<Hi rsnge of tlie 
eleetreljrte and Iteoeet th is isoiified form of tivt originel 
fNibye « ftoekel equetiea Use hmmk e^pted here sHEMi 
eee^iaei ei tH tlie ttiemedfinaeie e<|Q«tioa ( iS) of tlw 
eleetredee* Tbew, we ebteiA, 
„ ^ 2.303 m Wf t „ ^ ^ 2.303 X »»f ,__ « . 
IP gp 
r* • ^ * ^ ^ ^ U AtJiT* c» • ] (is) 
' ttT ' *- -^  
r * ^ ' ^ ^ » "^ l o g . • ^*^ ^ »^ leg K . 
Br Ar 
^ • ^*^^_' ^^  A«4ir - fif^Llflc'» u«) 
aP ftp 
60 
^ ^ a>so3 % tar ^ ^ ^ a*a»^ » ^^ A' /Ti • 
gj5 • jgS 
•«• 1« r«p l^»d by *€U 
[^(r • ii^ l© i © ) - \ 'ic ] • (r» • i»^) - It » C21) 
. ^ 3.303 X m A^ « ^ 
By « Ay m A» 
P^ • A^ tOi K 
k «k Aa» S € * 
v«lo«« of *K* fiar various systems ars sntis^tatcKl ia squatic 
(30) raid <31) from tUm IcaoiNl 11 iraluss* 
(A) ^tiMi<«r< l? l»otro«s^t«t t t i« l f^*) t7 ^ plett lag 
I s f t Hand t«rtt qnantitiss «»f ec|oatt<Mi (Si ) af^iost *C* ttie 
aolflA or nolinr ee»efliitratleA aad wietrapolatiiii tbM surre 
to e » 0 , tlM iatsrespt gtTss ttm valtts of ^ « potootlal 
torn whtei^  is i»ltep«a<l£Htt of tlie |^arai»«tor *€• «Md is tlio 
algobraio swi of *r** oad tho ooastaat terns iavolve^ 
ia the l e f t fiaatf quiratlties i*t oqisatieHsi (S i ) * ^obtraotiim 
61 
th9 wmmtamt t»ra *?«* fron ib« t&t4iro«pt TalttiM t^e 
id dlbtafto*d« 
CB> staalJMNI ^i^tyopy e i iaa f (^:^.^*)t» The |^Ii>t of 
•quatiea (2 t ) g^rmm a •er l«0 of &mrwm» tent dif fer«at 
t«ipera^itr9« fr«H» «rtiieli tlie mtaa£leaed pt^tmitial valuos 
e(irr«sf>oa4lac to C « 0 «re olitaiacHi* 'Fhos* *r** valtt«« 
irti«a plotted agniiist ttrntmrBtrntes give a Itoacir «unr«, 
1^0 fil«p« of wiilish ir^vos the temperattire eeef f le i tnt 
of ttie petMi t ie l , ntNileli ia also Hie st f i^at^ entrofiy 
ebange for thts partttmlBJt eleotro<le myatmsm iiNm n u l t l * 
plied by iif* terae. I t l e repre»«Ated %f ttie eqtietioa% 
(e) stmaOmt^ rree Roeriiy Cfcaoge ( 6 * ) eoxl stoiderd faithyeipy 
CMttl^e ( H*}i|y cmee l ^ etaudard peteeitial and etmidard 
eati^py •image are 4SetenRiiietf freis Vcm extractaticNA evrree 
tiMi atanlljird free energy mM etautfar^ eatttelpy ebimgee of th« 
eyetene emi lie ealfmlated fsialit»g uae of l^e fellewiiig ve i l 
14 
k&oen Hera»*t aa<i Oi!^«e nelRt»ilts therMotyiiiffiiie eqoaiioae 
ree{>e«tively, 
A 0* » - a . F, K» (23) 
nad AG* « ^!l« - f^^st«) (34) 
or , a l l * « - m. F. r« * a . r. 1 ^ ^ ^^^ 
ulierey Um Yi^imie ten»e hare their ueaal tbeni^ odyaaesie 
eigaifieeiMie* 
62 
tvXI*^«lM.^ »fA|,t-
• I M 
rol loving •Xi)«rl»«iital firf«tig«fiiMtt« IUKTO be«a 
mtOm iMifQrt proed^Mdtftg to Vm wmwmofmsmatm of iiotoattflAM 
of w&riomm olootrodo «|«t«ii«* 
t« S e t t l e a^ of Tifdrogoa &&m ^ooKirotori 
t« fropmratiott of mpproprimttt mt»6 flydroien l?l«etro«iot 
3* iPre^aratlcm of laergo mirfoeo aroii ox|^rl«ieii%«l 
MilYor ol«etroi$««f 
4* ^ro^oratioa of FsperlrioAtal Oollf 
5* "dotting ti|i of l^xi^ortf^ootal €«11 ctr<mlt| 
6« '4tim«l£UNtisfition of the proemHiro for l^o Export v^Atal 
i^oai}iir9'>€^atii of tHe ri«otro^« FotiHittel against the 
Uf^rogfiXk "l©«tro*l«» 
%m y^ottlag op of HfAref^^^ ^mt 6g<wtratert fHe lt5f«!roi«B 
ga« was g^marat^S tijr tlui elaetrolyaia of 6 M m^ivm hsr^ lrox 
•olMttoit uaiag mil^ ateol ea1^^»l!« and » i l4 ataal or ataln-
loas stool etfioda* ftia oathode a^aaiata of a i^ild atael 
roa of 7i ^ langtii s^d 0«d cm litanater* Tte tettffii 
of Vhe alaotro4a ia attaekHNi te a «Klld ataal Iwrarteli 
a«p l ika (Mirforata# vaa»al mt ta<ii«ato4 la tha dlt^prm 
(A a ) , fha lioi#it of the •aasal ta t7«S ae m<9 liimmtmr 
4«8 ^i» flMi liottoii portion of thia o«^ ia ofMm to 
ataatroljrta* THa ««tttode rod la hooaad ia a pyras glaaa 
aylimlar of 6*6 on diai»atar and 0«4 ara aall thiakoaaa, 
and tlio tim me of^uiaotad at ttia top hf wmmm of a eork. 
Tlia bydrogaa gaa eaasoa oat twmi tha glaaa aj^la^ar tliro«g| 
63 
a «ld« gttmm t u ^ otttl«t« TiM f l a n * eytialN^r «la«ig «l l i i 
li»iik«r el<»i^€ %«i tiMi liottQS of tiHe la t te r * "f^ tN i^^ ker 
ii««4 l i t t t a largar in dlaneter tlian tlt« glaaa ttjrliadar* 
I t « la of 4110 « I aapaelty and 8«S em dianetar and 10«S am 
bai|^t« f ^ a^tbaaa alaag » i ^ tba glaaa aeapaaaat ta 
plaao^ la tlia ataialaaa ataal a j^ la^r leal •oatalaaf' antra 
from tlia ta^» f&a H»H« emitaSaar C li • fS an, a • 14 ««, 
«« l l tUialcwiaa t m 0«3179 an) l a aavaratf i^tb a parafiax 
l lA harlag aae uritiala a t 1 « i dltmatair for ttea aatlt of aiqrica 
gaa gaaarata^ mt tba mittmm nf ttta f>*^* a«^talaar aaada* 
ftia glaaa talftiag i^4 ^UB aathada rad is f i t taH at ttia 
aaatra @f t)Mi e&atmiimrm Ttia ataialaaa at#a1 pat la f l l l a d 
vi t t i 8 It flia<il«Bi hyiraidda «^ ta S/4tli of I t a total i ial#it 
aft^ aaldara^ <m i t a «i<l« ta M I a laet r laa l alra laad n^afo 
aata aa tlw paaltlira tarstlnal. flia atiala ttalt la filaaaH 
la aa atiiar atitiiilaa» ataal ayllituiriaal a««italjawr of largar 
dl in»tar and «^lali la harlag ana t a l a t AIMS outlet for tfoa 
alraalaticNft &t aald watar <tap watar) far ^aliitelalai; low 
tasip«ratt»ra of tiie v ^ l a unit dtirlng tha aparatloa ier 
gaaaratloa of h|'dli«f®a gtm, *rba latiar a<Mitala«r l a eaoiHNBta^ 
ta tiia poeltiva terminal of tba 80 ^ p / s o valta Raetif iar 
(4Qto@atla r i aa t r la t^t* L l » i t ^ « ll«mibajr, In^ia) and tJtm 
a l l d ataal aatlMida rt>di l a aoaiieataa %y aaaaa ef a laatr laal 
a l ra load to tlia aagi^tlira tarcslual ^t tlia ri^atlflar* ftia 
lifidrog«fi outlet opaalttg la aasiaaeta^ hf eia^ta <if fMiljrtfcfiNia 
tiANi ta a gaa naaiblag glaaa a j r l l ^ a r abloli aotiaiata of 
l^yragallol (8 gia pjrrogallal In 4 ^m^m of 4 H Mem.) 
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HYDROGEN GAS GENERATOR 
1 Negative Polant^ 
2 Positive Polarit;y 
3 Perspex Lid 
4 Mild Stee\ Rod as Cathode 
5 Outlet fo r Oxygen 
6 Glass Cylinder 
7 Stainless Steel Cylinder 
as Anode (^ h = 75cm, d ^ i 4 c m ) 
8 Water Jacket ( Inlet) 
9 Wqter Jacke t (Outlet) 
10 5N Sodium Hydroxide 
Solut ion 
II. Beaker 
12 Water 
DO 
•olMttoa for th« rcsieviil &f iatmamm of oxygM MI iwll aa 
OMTlNMBtfi&xid* i f at a l l premmtm A euirretit of ttM 
ord«r of 80 «ii^r«« inui fimad (^it» n^pyopHiit* for 
l^mmruttna ^J^rogen gas with atiffleietit prmm^iure to 
INdlblo ^roush tli« eii^rl«i«8tiil ee l l at iME»d«r»t« rato* 
3» Pr»{»«ratlcm of Approprtato Mtm ?iy<troi^ w riootro^ot 
>'l«tlal8«4i platifitiis «lootrod« nan proi>£yr<i4 by tho 
staodiir^l t»etiiod0 roportod la l l tora^ro • A oolutioa 
eoatalniiii t i^ of •^tt« ptati»tt^ ehlertdo SO nl of 
1 H hjrdfrool^ lorle «oid, m^ 0«0t gen of lea^ ineotato 
irao ttooi for i»IotiAi«l»i ^ « ^latlatHi el«otro4lo« A 
foi l of 9 ttq^em aroii (9 on leng^ and 1«8 OM brefu!^) 
aftor troat^cset ^itb e<MMioBtrai«N9 nltrte aetei for a 
fov ooeoitiSo tmc! trnwilaiag vtiUt dlst i t lod wator w«Mi 
platinised for tho entfrnrimmtB^ h eurreiit of o«D aiip«ro» 
«ao ^aiatalaod during tbo oleetrotyaia ualitg auothor 
platimn f i l l as eathodo, ?lio iHtrrmit vtem rovors«<! 
at ovory eno isiiiuto iitterrat for ttio tmifomt io<^ 
€{opoeit» Aftor alboiit half (m hmtw of elo0trolr«to« tho 
platiftOB ol»otJm<A« worn r«s«rvw9, w^bod earoftillsr mtd 
thGrmitfiilf mlth diatlllotf «ator« Tbo platloiaod platiaum 
eloetrodo wa« tiioa usoll t^» elttetvolysing 10$ A,«« 
ootiloR anlphato noliitlon for lf» mtautoa flaratloo followtog 
the mtmm proeo^re of n) tortintiun tho polarity of tho 
olootro4o at ewerf oao eimtto iotonral* f%im i s to 
ooelvulo tho ^oorhed tiiaio aail gaootmo i«piritloo« 
fho ahovo mc s^ttoaod 9 I^.OBI (S em leagth fWMl 1»S l^roadth) 
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siwm platiffiHH el«etr«}tf# «R» •tmid«r^l»«d far mihmm^tmt 
•xp«riit€Ufttfi as le«i« tttmi t l i i f f 9iiNi el«dtrodNii« a f t « r 
(Barrjriag out a mcufter &t prwlimtaerf • x ^ r i ^ A i i t a wire 
foiaafl to tiilc« p re t t y lo»g tiate fo r s t f i b i l l s l a g Vam 
• f« i i l i t i r i aB« 
TIM potent iai l of ttie ea^erl?^@iital ftydi^se» 
eleetre^e um«& agaii iet m nil^mr c leetrode le n&wer 
sere am t lm t o f » et«yi4ard hjNIf^ipNB eleetr^de t}«;t t t 
voii ld have « vatiM ««»rr««pondi4B^ ^ • ,.^ yilm Hei»ever, 
en extrapotet l<m o f ti^e e«11 pot«»t la le to a eaoo@iitriiticin 
C ; :0 , the hyiAimiett e leetro^e {yoteettal redue^e to m 
sM»ro po te t i t l f i l vitli»# eorreeponditig to/\ stiwtifnrd eteetr()«le 
potimtiaJIt, h«aee>y t l ie Ic t tereef t t o the oxt repolet ie f i 
etinree «ciciI4l giire tl ie etrntdartf po ten t ia l o f tiie exi>eil« 
n>«ot«l eleetroi le ecatuet ttie wtsmSmFG hfArogtm e l e e t r o ^ 
po tea t l a l * 
3» ^'r#paratt«at o f jeatpertngatal r iee t re i ie t I t hms be»a 
tbe eesisisoa prcwtlee te uee e i t l i e r ttie s i l v e r t i l re nr the 
s i l v e r f o i l «» the sttpport f o r the aaodioal ly tmrtmit 
or paetei type s l l v e r - e i l T e r s a l t e leet ro^es. I n ease «)f 
s i l v e r c t i lo r ide «r &n»it4e elt^oti^deey s i l v e r e^Btpotwufit 
oaa ecMiily hm formers aaodica l ly on the n i t v e r jnirf i«e« 
^3t In e@V6raI otlifrr eai^ ^es ^nliere tl»e ecmm>ufitl8 eimiiot 
eas i l y tm dupoaite^it )Mi0€tieally oisiag to the for^di«tl«»a 
of oxii ie film i l l aea t rn l ar nltealiiiie |rii of tiM9 e lee t ro ly te 
so lu t io t ie , ttoe si iarlsigly s i l v e r eempwuoA i s pasted tm 
p&f s i l v e r surfaoe tttw f t tbr leat i t tg the eleetr&iles. 
6? 
^t»o<i« 0i lv«r « i r« imif sllvni- f o i l eaioet 
|ynr« tli« larg« Mtrfaoe ftrva and good r«t«atlYitsr fmt 
tbm dtasdlTwi iKirttOft of •fmringlf iiolnMft • l lT«r 
• a l t tft tti« T le lAi ty of th« «le€>tf>&4S« n^rfno*, tto»» 
forte* (df Mtlvnr h9m9 mem mot tmlttAlm t^ t^rtag aibottt 
tti« •q[«illtoinB at a faat rata and aalataiaiog I t 
I attar* (m ^la ot^iar hemA^ fMEiraaa a i n t e i ^ »atal 
alaotradaa* %aai<Saa tiariag ^*rf iMrga tmrfemm larom 
for aa t f t l y hwUigi$^ »tKHit tfaia aqvil ibrinii ara a^idila 
of rataittiag in i t a • i a i n i t f tlia trAoaa of tha disM^lvad 
aatari it l within i t a iioras* f M s fitrthat aaaalarataa 
ttM» proaaas of eatiii>liiKteiag aad maiataiaiag ttia «^i<» 
l i lKr i i» , nmemtmm of th ia abnoraatariatiaa of a oiotaratf 
alaatrodiat the aiiitarad ai lvar platMi davalopat bf 
Mathiur mk4 Korv^gpmmem ara vaad ia fallriaatiag tlia 
imatad typa of al«etro4aa ia a l l thm tlw% »f»%(m» of 
a i lvar alaatrodlaa atodlad end rapertad ia Hia vafeaa* 
^ i » t atii^tara* 
1%* a i lvar awip^tA^a vara i»ra|iai^ Hjr traatiag 
%«a« ai lvar n i t ra ta aoluticm ait i i tba a{i|»ra|}riata aaid 
or « i ^ t l iair aotfiti^ aal ia aa i s a fav eamra tha ai»*» 
r i a g l f ooiatiia aoiapottmaa 4o aot gat ^raeipitata oat 
ia tha low pi muM aelatiMia* far iaate^aat ailirar 
oxalata praeipitata,:jant hj traatiag ai lvar a i t ra ta 
•olQtioa witti oai^lia aei4» irtiilo tHa ot l^r apariaglf 
welulila eiatariala «neh aa ailVAr atasaiaatat tar t ra ta , 
a i t r n t i mgS phoafri&ata do aot gat prMiipitated %f tbt 
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tr«a1»«Btt of tlielr eorrvspondifig ami6»t lamt tfei«y d<» 
gmt imiag tlui soditiiB nalt of tMis* aoitfs* flMi pr»#t<» 
pitatiNi iwr« tlK»roiiglil|r mMiN^ wltte di«tt l l« l «at«r» 
Tlk« sftlts «Hire tiMHi prmnwut amtf |imt«tf <^ t«e plf 
8iat«r«d «tlT«r «l«eti«4MHi in ulili^ • paw 9t]ir»r «ir« 
l«afd Iff attaiAiff^ l •arlt«r, ffw •l«otr«id«« w»r9 Iffft 
t« dry In dark at a tttfip«ra^r« wttliiii. CO* to TO*C« 
th«3r ««r« thiMi eareftolly plaei^ In i4» eutt neili ff^lVN* 
ttiNi$ef t ^ ooiM»«iitrat&oa;to %• «»i^ in tlui ai^^rtMMit^ 
and Iffft t9W dvaraigjl^ t* Haxt day Mw alffetrodaa iNira 
«arafoll3r ir«aaf«rrad to axiiartffiMital aall »£td tHa 
eal l »aa fIliad vitte tto aeld salutloa of msmt eoo-
a«aitra%t«A and tha maaiKuraiBi^ ta vara aada agalaat tim 
fetydrofait alactroda* 
ffeka poiantial ftaaaaratfiaata at tlia othar 
aoueeniratiociff of tha ela«trolfta imra dNona aftar 
aaa&tlag tlia alaatra^NMi f irst ^itli l^a oHiar aaiiaaa* 
trattflQ of tlia alaeirolfta and aabaaiftiatttlf plaalag 
In t ^ aaaa elaatrolfta for 13 hemrm Itafora naii^t It 
la tlia oall with fraali alaotreli^ta* ^iaaat tlia mpmrt&glf 
aalttlila alltrar aelta bava tha taadattey ta adaorb ttn atai 
toaa trtm tlia aalutlaa, tha aolNal a^moMitralUoB ef 
tha alaetralyta aalntieoi In tha reglMi of rrnrf dilute 
aaneeatrattoM may aot ranaia tha mmm em a rasatt of 
^ a ratROval af m&mi of tfeMi tmia tron tha aalutlaa hf 
<<idaar|ittaiit haiie«p «NiEio£ of tha proei^ltataa ia tha 
alaatraljrta aolutlom «aa datia hara to aanplata tha 
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ao4l tb«B uiitiig a fr»«ti •lMi>ti«ljrt« uhleti mmf retattt 
i t « original eoitooatratioB* f M a «v«ida ttia «rr«r 
ia the «;M»i»H}r@neiit0 i»f poti^t i i i ls ia ttia IOWMT r«si<ia 
df tba alfKBtrolyie eciaocdatrntifm* 
• • P99pmF$k%ioA of f£3^»rieatttal C»| l t Tlia platlauii 
B»^ Urn 9m^rimmR%»t si lver eleetj^ilea ara l^tta«^ i » 
a oa l l mmiks out of pewmp&x giaaa tiiliiitia mk0 frottod 
glaaa Joints of H . . and B^ .^ ItoiNi aimi. *f&» eoi l doaipi 
IkiaeriiK^i t»y Ottpta aad l U l l a ima WH»6 ta tha pretMnt 
nork witte I t t t l a nodifieatioa* hm mhettm i a tbm 
mk^Ulk ( r i g * i 1»> tiia a « l l eoasista of two part«» tfoa 
l a f t haad part aoaatltiitoa tba hjNIrogett •laotroda 
uMla tHa r lgbt hemS part 9iliror««ilv#r sal t aoapla 
elaatrotfa. fha f i r a t eoapar^ant trms ttm @actr«^ 
Mbia ar« ttw raaarveira for tita ifieo»iag of bjrtfroi^ 
or Aitroioa gaaaa» viii ia tlia aoao<d omnpartreats 
fr««i aittiar aa^a earry tha taa alaatrodaat 'f^ * rapra-
aemta tha hsNtrogaii alaatro^a eaxi *r* tha 8 i lvar *a i lv t r 
aalt aoitpla #leetro<la« t ^ l a f t liiwid aa«par^«sat 
mtm kapt f l l l a d wl#i liydrogaii gaa* «rtiietk eaatimiaa 
to Imlilila ttirou^i tiia alaotmtilfta *C* ttire»#i tha 
ai4a ttiHa* imriag aiq^n^aot tba iaaar eo«ipart«3imta 
WW f i l laiS aitt i tba l iquid «p to the l@val sliglitljr 
Itigliar tuan ^la aiwnaetiitg taliaa to brtog i^ottt aolaticMi 
aw»RH»iaati(Mi tiotnewn tha tao eoiapartr^aata. The 
al€M»trodaa ia Vsw two ooafmr1^.eiits ^imtm dipiiad ^^>at 
2/3rd of t t ^ l r batgtit ta tha aoltttioa* 
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6 »c o-
n 
diagrae &t the •a^pMirlm^tatl • • « ttjp !« lui}i««t«d ia r t g . 3. 
TlM slfttft ee l l *C* in plMi«d ttt 4Mm«ta»t trntpmraimf 
tlwy»9iitat« *¥* (ff{i»» ^ 80 s 0olor« YtHiffMo«tat«» 
Mai« ia w«9t ^mmf) •p^rfttiag 1M««««I I •tO'C t * -a8*C 
i l t h fl» iMietiriMSsr of 4 O«0S*€» TIMI i«fiidaid« of iiytdrofaii 
mea ttilTor «leetro<i«« ar« • O H U M U N I ito tti« fisnkl sod 
feoTaiil« pol«« of lUi« l^igh pr««l8iaii pMit«iitl<»P«t«r *t*« 
<E«oiMI« and Mortlini^ ]r« • 0BiT«r««l i*et«iitioii«t«ry U«^«A, 
CfttalopMi Mo* TS(^) l^rotii^ a 8«««itiv« fiilVMM»Mit«r 
(^ai imp UtdrtmofmiUtr ^.O. pym f* Co* Lt<3«« Cai)tl»rl(Sc«, 
iMgleiid) *H* iadioatM the standard tmll ('T««t«a Ner»al 
Cal l MOL •> 97ilK)i Caf!ibrtde« Ittatnirnaait Co» Ltd* , Cacland) 
and *B* tin ta tiia elrotfit diagraia tlM taa valta load 
aaid battary* 7hm hydregan gMi giwwrator Caot todiaatad 
ia tha a irat i i t diaffiai) la uai^ to firodBoa parm kydrogaa s« 
£^d ttia gaa waa^ i^dig imtm la eaiMS to raaiova tba traoaa ef 
i B ^ r i t l a a i f laijr of tim ow^gm and oarbotidiaxida/tfroR 
hjFdrogea gaa* Vtm giMi la iJMta paaaa i^ at o<MRataat rata 
titrottgh tha a a l l • € • • A Raattf iar of 80 mptt/m Volta 
(Autoaatia F:iaatrto Pw%» t t d * , BmsSbrnf^ laaia) aaa aaad 
to gaHwrata tha lijf^rogMi gaa« 
• • RicpartaantiU Ma«rora»aat of fflaatroda yataatlal 
«|tattiat Hydro^^ f;l»atreda| Aftar aatting 119 t&a 
aa l l aa daaorlbad aar l l e r , tlia hydFogan gaa w«a a^at l* 
mtoiialjr %>ubl}lad tfiro«#i i^m alaotrolyta isolutloa of l^m 
platlaiaai alaetroda eoBi|»art«»e«t» thm potaaitl^aatar wta 
n 
mtmk4&f4ii»B4 a^aiuMt the siati^iird ««MlBii«i ««11 utocMMi 
voltag* at M*€i tm t»Ol86 Tolt i i . Una glwis o« l l W M 
tti«a pl«««di in tifaMi C«lors fl i*f»o«l«t« ii«tiitaiii»d at 
th« •omstiuit t«0:4irfttMr«* fb« platiaiaii ttlftetfode 
W9m •«»»ii«et@d to tit* ii«g«ttv» t«iraioaI of tb» pet«B«» 
titPMiter «4il.l« tit« )nilv«r eleetr<o^es to ^ « p«»ltiv«« 
'»«me prttll^iaary «i|}«ri«^at« iNir« €loa« i a •aefai Mystwi 
for stiyactMrdistiig tlio tirao t&r t l ^ »ttnii^«iit of I K I U I -
l l b r t m wliiote hi^ eliNif« hmma fmmA to bo looo ttioB 
oxm aad iiolf bmiro ma4 iteiioo, tlw f l8« l i!Ni«««r«PKMit« 
WW »a<lo in « l l oj^tweai oftor i^out ttiroo lioara 
fron ^ o tiflio of pooffiluf tlM H^Kiyogoa gMi tlaroygh tlui 
oxiMBrimeiital oolt ma Iroopiiic ttio fAielo »ot w|i roatfir 
for tiio oomaromeiito* 
Thm 4l«t« on tlie eu»ftimre^ !s«Bt« of potontiala 
at fo«r <llffor«yat Ump9W»^rmt maa at two ^ i f for^ i t 
oo»»oatratioaar otto l a hii^ter isiad oao ta tfeie lowor regioa 
iMro hmm givott in t«ii lo(3 • i t ) to tatftoato tk» tliao 
of ati^ftli«atl<MB of fiotaattat ^ r l i i g tlw too aa^ a 1^1 f 
he/arm ^ r a t i o a boforo atarttf i f tlio f i a a l mtaaiir««t«atff* 
Moaflar«sieata wero saSe tetfi««!a S*€ to 40*0 
in sMOli (^ jr t^ima wftlt ^ o onooptiott l a ttio • oaao of at Ivor* 
a i lvar osalata aymtmi tfltor® tiio soaauros^iita mtre mmdm up 
to 80*13 ualag a t«»|Miratttro ooatroll lag rolaf syatoa 
i a a t o ^ nf tiio Celora Themoatat lAiioti mim not not up 
t i l l that timo* 
n 
of •iQi«risR*a%» HAS TSi n.a* of Aoreory pros»«r«« Tlu. 
9orre«ti(Ui ttoo to titts offMit t» tlio valoto of olMMinrod 
poioMtftal WAS of tbo oY<S<sr of l«6 a i l l t v o l t a , «bl«^ 
9Bgk iMvoirort lio inooirporato^, tout i t fwuld iii>t tuvro 
l^roni^t tibemt m&f t^tmgm i « tiio oxtri^yolAto^ raliws 
of r* Mi i t i» of iii«ig»ifi««Kit ttftfttito^ i» oeatraot 
to ^m otkooriHid fK>tetitial •aiti«s« 
fHo potontial <}«%« «r« oUtiULaod oo rariomi 
oysi«B« ni ihi i i f)i« ooiioetttrAtioai r}«ig« of o«t M to 
o«08 !^ u T I M M I iftta o» d i f foroBt oilvor olootf^^te 
9fmUmm oiro AHHordod is «itbo«^«At oliaptwrsc f%« 
dotftilio of tho propfurati^Mi of otoetrolhio andi of tHo 
iBoMmroiraoiito of pot^ i t i fd* i i i ai^oeifi* «»»•« aro 
4oAlt vitti^o fiio r«o|MMitivo 0«ili«oi|tt«it •liftfitoro* 
y ^ y if g ( a "T i t ) 
rmimuAivum mn A? mm mm io^mm) 
mii mB iiow (o,OMM) GmcmruAVimn 
o r THE l3*;0«P»f>LTTl^ Hi-ftlCATlNQ f l i i 
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mwm - m^vn TOMT^ wmmm 
?J;4P4,^ 
ttwm •«• ii^««nr«« i*«t«AtittI 
C«ii»«iiteati0it of Osnlle A0i<fi • 0»{M€ II 
Ua Hours) 
to»c 
i in imlts ) 
as*e SMI*C 48*C 
0 
0«9 
1.0 
1.5 
2*0 
S«5 
o,«fei 
0»6t60 
Q,mm 
6,6750 
o.etsf* 
^•©Tlft 
o«6Taoo 
O»dtS08 
e.6T890 
0.67890 
0,67390 
0*67190 
0,«7106 
©•67100 
0,67100 
0«67iOO 
0.67t00 
0«67t00 
0«6690S 
0.6690S 
0«^9t0 
0»669t0 
0.60910 
0«66ti0 
?? 
w y a 
ftmm 1P«» OliMtVftd ^t«t tUaI 
CMHi«fitrftttoa of OMlitt MM • o»om u 
OlN>«iT«d Potential at f«(ifi«r«tMrMi 
C tn v» l t« ) 
10»e ss^c s»»c 4S*C 
0 
0.8 
t . o 
i .S 
8.S 
0.68968 
o«6«a6a 
o.mmo 
0.68860 
0.66860 
0.66260 
0«6f080 
0 .6Ttf8 
0 .679t6 
0 .676t6 
0 . 6 t 6 t 0 
0 . 6 t 6 t 0 
0.6TS00 
0.6TWJ0 
0.6T808 
0.6f6it 
0.6TdiO 
0.6T3tO 
0.6Y608 
0.6T600 
0,$7600 
e.6t600 
0.6f600 
O.6TO0O 
ti.<K.M"m*'m «iwriiMw>mii 11«>.< 
mMSLjaMmM.jmMm^j^mmm 
sm^jk 
r ta« • • • 0htmnt^ r*t«i i t i f t l 
CiiiM»«»triittoa of ^iNKitai« ^ i t f « 0.09II M 
8 
( in irolt* ) 
••C i5«C J»»C S»»C 
0 
o.s 
1.0 
1.S 
3,0 
o.tooo 
0.8100 
0.81»> 
0.8180 
0.@i80 
0,81»8 
O.Stft 
0,818t 
0.dt9T 
0.819T 
0»8t00 
0*8098 
0.8096 
0.iK)08 
0«^0w8 
0,8080 
0.80f4 
0,S074 
0,80T4 
0,80t4 
9 
mmji 
ftlM • • • ()^«yT«d ?<lt«atl8l 
Coaoeatratieii «f ^ite«lBi« ^14 • 0«OSS M 
Tim 
( i a Hosra) 
0 
0,5 
1,0 
1*8 
2*0 
oiw«rr«4 f»»t«ntiat of T«iip«r«t«r»« 
( i a volta ) 
8*C 
o.sass 
0,8235 
^•8286 
0*8385 
Cl^o^3v 
t8*C 
o.saes 
0,8a«9 
0*Sa89 
0*8268 
0,@38t 
2g»C 
Ocsa^s 
0.888a 
0.8830 
0.883O 
0.8880 
38«< 
0.8810 
0.8800 
0.8800 
0.8800 
0.8800 
80 
nmm ^ mytm xmmm m-mmm 
sm&jk 
TltM • • • 0lHMirv«ll Fot«attaI 
Ciiaft#iitr»ti*a of Vsrtftri* Aoid « 0.0«d M 
(ia f!«ttrti) 
0 
O.S 
i.O 
1*5 
8,0 
»*C 
0.^60 
O.SSTO 
0,83f0 
O^SSTO 
0,S9T0 
( ia imlta ) 
!»• C 
0.8340 
0«d33S 
0«SS36 
0.8S3S 
o.saai 
t8»e 
O.SSOQ 
0»8300 
0*S90u 
0«8>300 
O.SSOD 
$»*C 
0*8t80 
0»88i0 
0.8S9O 
Q.SSiO 
0.i»0 
bl 
tm£ji 
Ttn« • « • obsMTV d^ r»ot«iitlia 
c<NM»ntrttttoii of f «r tar i« mi* • d«08ft n 
(iB Botam) 
( Itt v o l t s ) 
»*c wc 25*C 3S»C 
0 O*88d0 0,8340 <I,SS30 0.8860 
0,8 
t.o 
1.6 
8 .0 
0.83T0 
0,83T<I 
0,8870 
0.88T0 
0,8889 
0,881^ 
0,8830 
0,8830 
0.8830 0,8880 
0,8380 0,8860 
0,8390 0,8880 
0,8380 0 , 8 8 ^ 
S2 
mi£MLs.MMmsmm..j!:^mmL 
MM i 
fitm r«» nhmmeir^ eet^attal 
<?4MMi«atratteB of Cttyle Aot^ » 0«O66 ^ 
1*lfl* 
Ciit i!ottre) . 
0 
0 ,8 
1.0 
t .s 
s»o 
obmifTod 
R*C 
0«80IK> 
o«8iao 
o.atoo 
0«8I,OO 
o^um 
\ ]N»twatl«l a t f«ai}«r«teir«« 
< in volts ) 
tli^C 
Q.SiOS 
o.stas 
o«tAim 
0.3i36 
o.aii^ 
m*c 
o^siss 
0«St46 
0«8t48 
0«8i4S 
Q«St48 
3S*€ 
0»8i44 
0«St«f 
0,81«< 
0*St6< 
0«8i« 
^3 
BH^Jl 
ttn« • » • oiimnrv^S i»oteati«l 
Ciosieeatifji«l4Mk of CltiNl« A4»id » 0*Olil S 
( i n H«t3P») 
« 
d*S 
t.o 
1.5 
2 .0 
»«c 
<>,ti»8« 
o.ssso 
0«^133 
0.8133 
0.8133 
I5«cr 
f^««ll!) 
o.siSi 
0.8tlK> 
o.siao 
0.8190 
aii«e 
O.015S 
o.stso 
o.itso 
0.8180 
0.8150 
3««C 
o.dioo 
O.SiiO 
O.SliO 
O.SIIO 
O.SilO 
S4 
m^m n ,¥MCP...i^ mHW^^ - ^^^mmm 
%m^ AQ 
f t l i « 'TS* 0%««IT«i f^QtWltt^ 
CcMMMOtratioil of nnomp^^rim httiiS m o«066 if 
ftwm 
( i s HOOTS) 
< 1ft V«ltff ) 
10«c ao*c 28»C 40* 
0 
0 .5 
1,0 
l . S 
2*0 
o*8tem 
0.8itt0 
o.saoo 
o.saoci 
r^.i^Ki 
0.8135 
0.S189 
0.8189 
0.818!» 
o.siw 
O.ailO 0.803 
0.8160 0 . ^ 3 
0.S160 ci.soa 
0.8160 0.S03 
O.BldO 0.803 
•MMNMMMMMmiMMUm 
6 0 
I A « , .11 
fUm • » • OlNi«rr«« i^e$«oUal 
CoiMieatratlMi &t f*lie»plMri« Ai§i4 m o«03S f.^  
f i a t ( l a in»lt« ) 
tO»ii 
HwaaiMMiiMM 
0 
0.5 
t.O 
1.5 
2*6 
O.fltOO 
o.steo 
o.sieo 
0.8160 
IIIII w i l i i i M i W I l i 
ao*c 
o.siao 
o«si»o 
o.stso 
0,8i80 
mim m^mm'miw 
a«»c m* 
0*8100 0»800€ 
0.8100 0.800C 
O.StOO 0.800C 
0.8100 O.iOOC 
0.9100 o.aof^ 
ii»w«»*'i—w .mtitimmw< im^mm 
86 
i , d* OatM f«a ¥•!?• Boner, «!• «•»• Haft* Iter, stead, 
S, &«J*9« IT0» atii 8«J. Jiitts, *R«f«r«»e« wi M i r e d * * * , 
Aeaflenle ("reii*, Hew Toili aad I«oiid*B, I t , i ^ ( i i S l ) 
a , E*0« t»eftt#r, *f»riiiiit]pi«* mA Apptieatiomi of 
Eleetroeticmliiftrf*, Clewp^r, Hvmm pr«t« Ltiitted, 
|.»iidiNEi, (t04 «• I t O ) , (1986) 
4» J * iMrtriK fmd ,^ »^» B*a«, Tr«fi«« rmt^»f Hoe, 
^ , 4t5 ( I t e f ) 
S« A«t« eoviagfteii, J« ttebeen muS w«r«l« tfywM JoaiieH, 
I U « * £ 1 , 3097 UmB) 
6« A«R* Pevittsftea, i*»ic« f i^i iki«r and H*R* Thindc, 
11&i«. ^ , 413 it9d4) 
f* «!• tareen, «!• l^sre, Ciieii* f £ , 997 (1903) 
8« ?«B* Mafthiar smi !§«M« Afeer !<aqvt, Indian Jomniil 
of CiMiRletry, 1997 (faulttr imMlenftlo*) 
9« Ti«f» r o r r e l , ^ . I , Rlaeldiara and ' •€?• ?eebiirg^, 
J . Aa, ^Mie,, 2£ , 3813 (1948) 
to* %m OliHifttffiBe, * ' ^ t»ftrodttett<m to rieetroeAiciilstry", 
D* Van Hoetraad Conpinr, loo* , Nov York, 300 (1943) 
8? 
! ! • I},f» mammt l?I««tre«litai«« ^ t o , 1 , 1848 (i064) 
fvMlshiag €9mptmft iM^ea , iSS • SS (t9S8) 
ia« 4*R* eo«t««, A*@» C9l«« IK«I.« Gray aoA M,»« Fans, 
J« ^ « C1I9II* me^t jyit to t • 8 ( tost) 
f l i ^ « t t , "RX|Mirlii«iit« in Fh3r»i«at eb«nl«tnr*, 
i»*rgflMMi fr««iit P«rl«» t i t (1989) 
t5» V s,C« iNitt«r, * f^a« tp l«« Ami A}>|ill«fttleB« of 
r|«etr««li«iat«tFy"« Cl«flffiir Run« Fr«»«, LM IAMI , 
ftOt (t9«l) 
to* F»8, Maitmr and ij* Kari^iiiBiiiui» ^ImprewmBimktm in or 
r«l«tti ig to th9 ^o^arattoii of siatorod stiver 
floeirodo for HottoriMt^t ratost Mo* 91888. 
Dttfo of i^pltootloa 8t«t Smmmeft 1884» Doto of 
Aoooptaaoo aoth 9otolMir» 1888* l*8toa8 a»olcBo8 
to C«S,I*ll*, (Itttfto) 
I t . P*8* Matbiir 8a€ ^.M* Afaar lla«vt, •n%maar4 
Pot«Bttal aa^ l tiio Tkmmm4ymiml0 Coaatmtto of 
^tlvor • stivor Cttrato !?1 aotroto and tlia 
rlootrolsrto syotaa*, t*r«soato4 at t ^ "syapooiwi 
• a Klaotrota i»reaaaii* HaK at Jodli|»iir ( India) 
88 
ott SMI nowmhmr^ t99» im&mr l»iabli0aaoit) 
mmmi9 i*rop«rtl«« of riMitnil3ri««*» Irfnidoii 
3i8 Ct99t) 
»m e«dF. If t i l • and »,4,0« tv««» Mat«r*« 4ftj|> 
9#t (t«4») 
&si^£mM:t:s:Mx:m^:^i:f.^s:M^xmiim:i.i££m 
83 
i)0 
3jriit«il a»A ••al%i«t«A i t s 1* TiaiM* JiewiTSry th» 
tb«Vi»tfjni«liie •tu4]r of tiM Bjr6t«i 4«««t A@t • • • « 
to hiKV« b«Mi a«^« by loijr of %hm •«rXi(ir work«r«. flM 
work of lorrol and @oiiori£«ro WHO ootifiao4 to tlM 
o&XottXiition of B* for ttoo systwi at a$*6t 50*C aat 3& C^, 
Slrmue ^M Bra«ii4 obtalaod £** v«lao for tbo ejrotoa 
at rooa toaporataro ^ soiiourliig tlio potomtiid agid.Bot 
tho eiU o^ffiol oloetrodo in proftoneo itiMi at»o«»eo of liqitii 
Jtmetioii potoBtiaX* 
t» EotorMlaatiom of ^titniaya l^fntAal aaa ttio othoy 
Oxalato - %djpogoft e« l l «»« i to olootrodo ro*otio»« 
woal4 bo 03cproo80d aui follow* i 
ftj • 2 H* ^^  2 • (1) 
* ^Uieo tlio tbtooritlottl api^oaidi wrnAn aM tho ox|Huri»oBtaI 
prooodaro fellovod in tlio otniioo of tho > oilvor 
oioetrodo oyatoao hoo alroiiiy booa doseribotf ia dotaiX 
iA Olmpter l i t tho doooriptioa proeodi^ tlio oxpori-
fMStaX aiad eaXeiiXatod data io oosfinod im this ^haptor 
to oortain oi»ooifio aspooto of tho roopoetiTo oXootrodo 
oystoa* 
n 
^gCgO^ • 2 • m 2 Ag (li) i- CgO^  (f) 
(304 
Sh« «*n»f« af tli@ e « l l would IMI g lvta bj %hm •xpretnioa 
I • I * . ^*"^^^»^'^ i M "^^  ^^_ >v, _ -Y _ _ (^ ^ 
«rher«» •©• i e tb» f ^ l s a i t y , • V • th« aetiri'ly oo«ffiei»itt 
of th* tmm i^ni *a* tii« aM«l»«3r Qt •l«otn»a» tyaii«f«r 
latroSueiag t ^ disdooiatioa eensttiat *K* of t ^ 
& « ^ ^ ^^^"^ ^^^M (5) 
l a •qtiatida (4) «^ getp 
S - i^ * - ^*^^'l* ^^ 3l»« ^ C%V4 ^*tV4) ^^^ 
iAroxMit(»d •qaatioa'^ auodl •xpz«saii«g eone«£tratiea l a 
t«:rms of nolioritj *C* lasteiMI of aa la l l t i ' *a* m obtala, 
[(B * 4^ leg C) - l y ^i'c] • (!• - Pj) - k .e . (7) 
2.305 X m 
wl»r», A^ • 
2f 
m 5.46 X Aj X A* 
i)2 
Pj • Ay lO« K 
A 7 >< C ' 
4* « 3«46 A (^1^« - ^ttinl Oi^ Mt^ nt for 
tiBi«4»iYia«it tl«Otvol7t«) 
M « t ^ •i^.lttt* of C (k, • 3.0 X fO"f kg • 4.« X 10"^) 
i 
kav« b««B tal£«ft firon literattir« • 
Qtufestitj o:^  tbm l e f t Hand siin @f •qostiea (7) 
Itsm iMi«» plotted against *C* liHA wttf&polfiitot to C « 0. 
<^a«9 A8« a»i AS"* far tho OUTOT * oilTor mmUt 
oXootrodo ojreto* ^vo beoa omXoulatod ot 2§*0 nftldi^ 
uao of tlie standard oquotlofto (^?)» ( 3 ) and (29) 
given in Chaptor ZI« 
5« lyoparotioa &t -jjlXyor imal«to...lloetrodoi ^ilror 
oaNtlAt* wao prooipitotod l^ t ^ additloa of r.2 U mlu^H* 
of A«R« ailvor nitrate to am e^ oaX Toluito of 0*1 11 
oiaitXie aoid solution. A wtdte j^eeipit^to ««« ol»taiii*d 
wbloU was dlesoXvod in A.M. syKioala »oXiatio&« ^ XittXe 
quantity of ^^ BiaoMttn oxaXate «NI« liXao ttddod «Bd tlM 
ooXution mm rofreoipltdtod ^ th» adiitlox of oxalio 
aoid* fho a^Mte prooipltato tlius ol^tainod fNia fiXtervrd, 
waalMid «ith trii^ Xo distiXIed wator, auliaoquoatXjr witii 
a Xittle diXato aoXatiom of oxalic aoid and t ^ x »#«!» 
dried Ix dark* %e siXver ox^Xato tktta obtalitodf <»ao 
pasted on tHe aintered eiXver eXootrode wliiek had aXro» 
been prepared ^ a prooeee xf developed ^ ^timr and 
7 
Kartti>p«ixan» 
n 
TiM o i» l i e Hold sdXtatloa mui titir^t«4 witli 
&• InAiofttor* 
• i « M » i i n i » M • ] III iiiiiii w n i i iMi iMiwmK———>i—i»i i i i in» i i i m i i w i i i K — • — » • iw — iin *^ 
MMitel •a lu ts of tfa« 9to«7ir«i pot»»tl«I ^^ t irariooa 
teap*ratiajr«« av« g^wmn In !^lil« 1? 1^ 14 • Ma^ciiii; as* 
of •qii«tlott (7) tli« e«a.«ttJUt«d ^mlu«8 Qt M* umA 
( E * • JljA^c) a t tmp%fu^af 10* t# 50*0 a r t ala« U«t«d 
l a tftbia IS t« 25» t h * vmia«a of ( I * • M^ /C) at 
r^rt&nm toitpor&tiuroo kavo lioon plotto4 i n f i g * 5 to 
Fig* 5 and oxtrapeXatod to aoro eonooctrtitioa* f&o 
Intovoopt on tbo Y <» axio f ivoo tbo vaimo of (B* - f ^ ) , 
•abtraotlim tlio Yaluo of ?^ frm^ Vm liitoroopt Tultto 
tiio otftJ^ard olootrodo potoiitial of ^ M al lvor « ailvor 
otxaXato olaetredo a^ d i f for«»t tOM|>«nitiajroa aro ebt^nod. 
OalottXatotf Taluoa of F^ ami I * vmiaoa o&tainoi trtm 
graph aro givos i s SiUllo 24* To«por«ttur« 9ooffieio«t(F ^ (^  
vaIaoa»/AS*» AS"" aad AM« for tlio aymtm at t5*0 
aro iiXoo glToxi in fabio <?5« 
mmm « ^wm ^mm', ^^^^^m 
tms la 
('Cmoentratioa • • • 0li8«rr«4 Potent ia l 
f®fflp«ratur«« « to» 0 , t5*C it ao*C. 
y4 
Coa««iitjratie« (C) 
SB* aiol««/litr« 
0.0611 
O.OiO 
0«040 
0«0S3 
o.oas 
0.020 
Oliserved 
!©• C 
o.otso 
o.etoT 
0.6TM 
0.6706 
Qm@»m 
0.685S 
Fot«atlttI« at TcRprnturca 
( i a v»lt« ) 
l i * C 
0.6746 
0.6756 
0.6770 
0.6786 
0.6817 
0.6846 
ao»0 
0.6789 
0.6748 
0.6766 
0.6780 
0.6607 
0.6888 
^ D 
Jbm&BSLjkm 
CoaeofttratiiNB • • • oii««rr«^ f>eteBtlal 
T«mp9r&tujem9 • 98*6, 90«C & 3S*C, 
e<»a««iitratioM <C) . 
§»• B « l « « / l i t r « 
0,06@ 
O.CKKI 
0,(I40 
0.033 
o.oas 
O.OSKI 
mm9rw4l 
as* 0 
0.6Y89 
0.6T3B 
0,«TSII 
©•©no 
0 .6 t97 
0.6886 
Potirtitiala at 7«0p«rat«r«c 
( iM volt* ) 
«>• c 
0.6Tt9 
0.6T36 
0.6T4T 
0.6T6t 
0.6T88 
0 .68t6 
8S* C 
O.6TI0 
0 « 6 n 8 
0.6T38 
0,6T83 
0.678t 
0*6803 
^6 
,]s&SSKBmJmm 
Gwm^mtrntimi T«« o&8«rr*d i*ot«iitlal 
Tvapcraitur** • 40* C, 45* C & 50» C. 
€«af}«air«tt«ii (C) . 
in* iiol«»/lttr« 
0,060 
o.oso 
0,040 
0.033 
o.oas 
o.oao 
ob««nr«d 
m* c 
0.6T01 
o.eto9 
0,6T2T 
0.df4t 
0.6TT0 
0.6800 
( III ••Ita ) 
45« C 
0.6691 
0,6096 
0.67t8 
0.6T81 
0.6T60 
0.6T88 
ratur«« 
«©• C 
0.6681 
0.6688 
0.6T08 
0.6Ttl 
0.6780 
0.6T83 
y? 
Caleal«t»{l vmemmtmBm of %1am ttMrmoAfttemin •^eatiMi 
fro« tiitt o!l»m9rw94 dftta. 
T«ip«ratur« « to* c» 
9 1 . a o l « 8 / l i t r « 
0*066 
O.OSO 
0*040 
0.033 
0.O88 
o.oao 
0«3fl69 
0*223t 
0«3000 
O.tSl f 
0*|S81 
O.MtS 
(F^o.oaso io«t) [if 
0*6489 
0*0403 
0*OSf»T 
0*6382 
0*63T9 
0*6363 
• - 0*047T 4 c)" 
0*690f 
0.631lt 
0 * 6 ^ 3 
0*6396 
0*6303 
0*6316 
u 
sm&M 
C«l«al8t«<i Paatmmtmrm of tli« Tli«fiio<l|naii« •qoatioM 
frem MMI oliMMTTod tfat** 
TQSp^raittff'tt « 15* d 
Coao«atr»tloB <C) /Tc r« ( r • 0.01^8 l * i C) \ ( | P » - 0 . 0 4 M A C ) ] 
0.066 
O.OSO 
0*040 
0*033 
0*025 
o*oao 
0*3969 
0.323T 
0*S»I00 
0*t§iT 
0*lS6t 
0*1415 
0*6409 
0*6355 
0.68T3 
0*6366 
0*e36t 
0*6363 
0*6363 
0*63T6 
0*63t6 
0*63TT 
0*6384 
0*6393 
i)d 
froa tli« observed d«t«« 
T««ifKira^re • SKI* C« 
CfilKi«ll«rii«tM (C) Ac ^j^ ^  0.03«0 l«g C) r(F»-0,9508>4c)l 
m» aolftn/litr* 
0«06fl 
0.0110 
0.040 
0.0S3 
0*025 
0*020 
0*1860 
o*aasT 
o*aooo 
O.iSiT 
o«tssi 
0*1418 
0*680Y 
0*8868 
0*6863 
0*6840 
0*6848 
0*6846 
0*6366 
0*6388 
0*6368 
0*63ST 
0*6364 
0*6378 
100 
I^AMM ift 
C«l«til*t#<3 ?mtm9tmrm of tiM fh»wtm€fAmU •fSttUoa 
tr&m tM mhmmrw^ tf«t«« 
T«nper«tiir« » 26* C« 
gpi* ii0lMi/litr» 
0,066 
&,C»90 
<?.04O 
O*0S9 
0«0ft8 
0,030 
0«286« 
e.dast 
e.aooo 
o.siif 
o a M i 
0,t4iS 
0,69Si 
0.0381 
0.6346 
0.6334 
0.9834 
0.0338 
0.8348 
0.63d8 
0.0348 
0.0340 
0.8343 
0.8888 
iOl 
Calculated i»araiii«ter« of tb« flieriioil|fii8ni« •ipatiMi 
froi9 th9 ^fi«rtr9di 4at«« 
t0»pttrfttttr« • dO^ C« 
gff* iN i iMiAi t r * 
0,006 
0,080 
0,040 
0,033 
o,ots 
0,080 
0,296# 
0,3337 
0,2000 
0,181f 
0,1881 
0,1418 
0,@M3 
0,0338 
0,6338 
0,681t 
0,0308 
0,830T 
0,633T 
0,6318 
0,8333 
0,8331 
0,8334 
0,8333 
mm^tmmmmmmimmmmmm 
i02 
f^^ ^ 
Caleiilated Parassetars of tha TnamoajniaHiie aqnatlcm 
twm th« absarve^ a«1»* 
faMtMNratNMra « 35* C* 
Cottaaatrattoa (C) 
gn* nalaaA^tra 
4 ^ R» (f!! • 0.0305 log C) [(K»-0.0546 ^C) 
0.66® 
coso 
0.040 
0 .033 
0.035 
o.oao 
o.ssso 
U.8i3T 
0.3000 
f^.lStf 
o.isai 
o.iiis 
0.6351 
0.5333 
0 .63 t3 
0.5301 
0.5398 
0.5301 
0.5311 
0.5SMI0 
0.5303 
0.5313 
0 .530t 
0.5315 
i03 
iftilranrai tWk 
Cal«ttlftt0« f*furai3«t«rs of th» TtoeraMitfyiiaBle sqiaatloii 
frop tbo oli»«rre4 data* 
T<»i|)»ratare « 40* C« 
Oeaeoatr^tioa (C) Jc E« (r • o.oat log 0)[(p«-o.os«o;5c)] 
0*006 
O.OSC 
0*040 
0»0S3 
0*03S 
0*09^ 
o*as«f» 
0*S23T 
0*2000 
O.lStt 
0*iS9i 
0*1418 
0*33S# 
0«G306 
0*6294 
0*6:^ 83 
0*62f4 
0«6at4 
0*6192 
0*6it8 
0*8188 
0*6181 
0*6106 
0*6198 
i 04 
T A i ^ l a 
C&l«alftt«Hi Pwatmmtewn of tti« 7h«ntod3rB«nt« •tiaattott 
trem tti« 9l>««rved data* 
T«£ip«ratiire • 49* C* 
C«>a4deatri*ti<»a (f!) ^ r» (r • 0*0314 l e t C)5jl?«-0.0»T4»iG) 
0*06@ 
0*080 
0*040 
0,033 
0*03S 
0*030 
0*36119 
0*333T 
9*3000 
tl*t81T 
9*&59i 
0*1416 
0«638i 
0*6390 
0*6380 
0 * 6 ^ 6 
0*688T 
0*e389 
0*61T4 
0*6i63 
0*6i6e 
0*6168 
0*ei6T 
0*61T9 
i O O 
SSSaEBL 
from th« obsorvoA tfnts* 
T«0{»eratiur« « 50* c* 
p i 
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o.eaei 
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0,«180 
0.S140 
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?,*T41 
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0.490S 
0«44«4 
0.4418 
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J. m* C^um* ^ e « , 2 ^ 5S12 (1946) 
«^ £•€• £>ire«r and ii« iYa«i4, J* lai* OII«B« ^OO«» 
i § , 3«1 (19SI) 
i2L, 415 (1967) 
(1967) (Ulidttr pitl»U«^tidai) 
§• «^ 31ii«t>itoii«« "'AA itttrodttGtioc to Eltfotrooiiftsistxy'^t 
£• Vfta Sostriu^ Co.* Xne. i*w York* 200 (19S1) 
6. US. fiuMc*a, J* ^ . OliM. d e c , titt ^^ -^ '7 (1941) 
7* r«B* Mat^ir «iM «• ^jueapimBxmAf ^XayroiNNMRtii i)% or 
r«lji%i»£ to %h* i'ltmpmr&tiQn of 31at«r*i ^Xlrmr 
lUotrodte foif aftn*ri«»**i imt«rit Ho. 919?&t 
lilt* of Applioatloni 21 «t Smsmm^ 1964t £»at« of 
^oo«tktatio«i 20tli Oetofatr 19iS* Patent mm4.&Mi 
t o €•'••>• I . E . ( l l^ i i l i ) 
1 1 3 
MSmSmmmOmmmSm 
i 1.4 
MMammSBLmJuL 
• 
3|^ «t«ii «|»p««(rB to tMi « »•« &im mm i t ba« not iMiA 
8tudii«4 and foiiii^ r«i»ort«d la Xit«ratur«, 
t» fl»»»IMiiaat4oa of ^tanditX Fgfatiml lUMi tii» Ot^ Wf 
<»»«»>ftaMfc«»«»«iM<iBM»i«»Mi»«iii«i»«i»«iiiii»»« •••»••«III • • « • • • i i i i iMi fc——i»mi«» in » » i — i m « — » « « M » — « — i w » 
!aMiCTMHl3ra««io 0®iigtiiiit<i'»' jSiXTvr - tiiiv»i' 
< W M 1 — I I M II l l l W » « — W — — M H O W I I i III Ml ! • • » — » — » « l » 
^oeliiftt« » %4reg«ii C«IX uM i t s •X»et70d« r«aetids« 
wotiU a« »jii>r«0^«4 aa foXiew«t 
Mg (n)/ M^ ^0 (c), i^ ^M (c) / Ag^ t^t«(a)/A« (s) 
Sg • a tf^ 4 a • (1) 
(1-3) 
thft ••a*f* ie giTui bgr the «xpr«ai^ioii9 
(4) 
*^l]^t« tlie thaorltieal approach madv itM tlM •xp@ria«Eital 
proiKMlttro foXiowad in th« ^i^dias sf th« S» «iXv«r 
•X««t»>d« &jf9%0mM hm» alr«£i^ ii«9& d«»oribed in d«t«dX 
la 0lMi|»t«f> II» ^m dmatftiptiQn preceding tbe «xp«ri« 
a«atiiX mO. eaXouXat«d datu i« <MiifiB«d in this «httpt#r 
to e«rt«tifi siHieiHe aepoeta of tho remimotlrm •I«etro4« 
•jr«t«n« 
l i D 
wli«r«, * / * r«preii«]itii tins aetiTitj o&«fflel*a%» 
*«* tiM ttolaXitt/ »»d *&* tii# imm\»mT Qi •X«etro& traB^f^r* 
Ijfttroditolem tilt 4i«®90lAtloa o<»auit«uait« &t snoQliiie i«i4« 
(4,5) 
£Broaiit«4 •^aatiett asA •xj^dssiiig o9aA«»tratioa im 
t%Twm of i^litrity *C* iiuit»iiid @f a»laXlty *«* «• ebtiiia, 
[(X • A^  log C ) - By ^[C]• (!• - P )^ - k.0, (?) 
A ^ at IP 
" • a A 
k • A^ jc C' f!« 
A* » 5*46 A ( JD«]i||r« • mt«Jc«l Co&s^&wt 
for i2iii-Mvia«»t @i«etr©l3ri«*) 
li«iir« IMI9II t&^mn ttmi %tm ixUatrntvun* 
fllft Qttiuitity »a tli« l«ft h«i»ii ai4« of •<t^^ti«a (' 
ha* b««& pIott«« agaljuit *0* aioi •xtrapolattd to G • o. 
n 6 
A a*» AH* ttioA <^ a* for tlM oilYvr • 8ilv«r 
(25) giT«B im €hftpt«jr XI* 
•ueoiAftt* %a« pr«|Mur«d Itgr auldiiisg o*S M •ilv«r aitrifclMi 
•elutioa to MA taml r^Xmm of 0*5 M softiHB auaolaat* 
•alatiott of .^H* quality* A tiidLt« pr«elpitiit« ««• 
9iitmliHid wlileli »U8 wiiai^4 tHorei^mjr to r«iHioirt mijr 
meoiaie ««i4. SIM pr«elpit4&t(i wa« k«iit in ^axk^ i r i« i 
«Bd tli«a p««t«4 dn tli« el]tt«r«d «llT«r pl(*tec* 
^w SU9QJJII.0 &ei4' wfts titrttt«4 ai^Kst tli« 
»tf.^ai a »o4ia@ tyriroxid* »oltttio» aalug pli«!ieplitli&Iii}« 
as Indie^iter* 
*^ ^P«ria»tt$a3L ataangta^itB <fei34 &»»alt»i Th» «xp«rl-
^•atal imliMs af obMrrod p<»t«iitiia usA tli« o^«aI«t«a 
•aitMt of £* (I • A^  log 0) and (I* * ^ l^'C) obtainttf 
liyr tttl&fi dquatioa (7) at S'^ C t« S^ '^ C ar« U«t«4 la 
fabl«« 26 to 51. $iHi valuoo cif (£* - l^Xc) at i^ i^riott* 
t«tti>eratttrea hairs iMioa plottoA in Itg, 7 ^i^ 8 tu^ 
•3rtrM|>ol«it«^ to soro ooneoi^tratioiu fhm i^taroopt oa tiio 
¥ • axia girae th« valuo of (1* « f«) . ^btraotiag tlM 
• '^ M^ of "fj* fjp|K» tlM iataroopt valiia t ^ atmxAmri 
potaatial of tlM eilTor-aiXvof waooia^ta olaotrodo at 
difforaat tMisHnr^ tiurao &ro olitalaad whieli «i.ro givoa ia 
fablo 52. faaisorntoro oooffieiaat raXtti^ ^a^AS .^ixa* ^ 4 AS^ " 
for tho oyatoa ai*a aiao glvoa ia talklo 33• 
ii7 
§Ufmm ^ ^pfm socciiiAp E|tfflY»o^ f 
0{iii«<«trntl^i •«• f>%99rwe4 Potential 
CiMieeiitr«tioB (c) ( la volts ) 
gB» »elM/l i tr« 
S» C 10» C. 
tnmmm^<i»' mmam iixwuiMMMtMl 
U.IQ 0.8050 0.89a« 
0.066 0.8180 0.8i§T 
0.090 0.8305 0.fi$r> 
0.040 0.8240 0.9300 
o.osi 0,8^8 o^Bzn^ 
o.oao 0.881CI o.aars 
X 1 8 
fAMM 27 
ewammntrtittmk • • • OHmirvod f^t«BtiaI 
frnttperatvaemm m SS* € A 3S* C» 
i»» noleii/litr« 
( in voli« ) 
» • C S«* C 
o*oso 
0.040 
0,036 
0«800S 
0«80«8 
0.8139 
0 .8 t80 
0.8330 
0.8340 
O.TMO 
0.80T4 
0.8118 
0.8145 
0.8^10 
0.8318 
i9 
TABLE ga 
from Hie o%iMiiir«^ data* 
f«Bper(iliir« • 5* G* 
e«ii0«iitratiMi (0) ,rc <r • o.orrs log c)[(K*-o.046T'rc)J 
g»» Molafl/lltr* 
oao 
o.oae 
o«oso 
0.040 
0.08S 
o.oao 
0«3i6a 
0 , 81169 
0.23ST 
O.IKHM) 
o.isst 
0,t41S 
0*7T46 
0.7886 
0.7848 
0.7886 
0.784S 
0.7808 
0.7706 
0.7744 
0.7768 
0.7778 
0.7848 0.7778 
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Jj^^^^^JBBV^^^^^^^^^P 
Caleiil«t«4 f^mremmt*r9 ot ili« VI»mfwm^fai0Kd« •<l«atl4Mi 
trtm tho ehwmwrm^i 4at«« 
T«iip«rattir« • 16* c* 
! • 
€eii«oatrattoa (C) >^ (^ • 0*0188 Ug C) [(l«-O,04n4C] 
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0*080 
0.040 
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0*Tt40 
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0* fT t l 
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O.OBO 
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0.OSS 
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0.4888 
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snoA Ni 3 
2S 
§3L$ 415 (196T) 
IlKLt, l^t 412 (1964) 
l^XT«r - 'iilvor *«olibit« gl«etrode''t pre»«nttt4 
At tb« VIII til eKLaar oa *gl«etroeti«ai0trjr* I»14 
la %h» neatii of P9««mteT» 1967 at tbft C«atral 
EXaetroelUHadesil liasearoii lafEttltute* lUiraikudl-5* 
4« 3, 0Xiia6toa»« *'m, latiro^uotioa to i:X«otrooh«Ki0tr7''« 
B. fmm Hoatrajsi Co., laa* B«w York, 200 (19^1) 
5* 6«0* MoaoTt a*G» £tet«9, i .3* lJM$.^ «r ciM ^^ .f* aor««« 
J. ^ , Cii^. ^oe., §;t.f ^765 C1945I 
6. M, Piuraoast "f&u»il»»ok of EX«atrooltaaloal Coaatuite", 
l^ttvrwortlui aei«ntifio ^b. i tat ioat Loiiioa« 4i (192>9) 
7* 4*1« fogely "fttxttK>ok of Qttiiatitativo laorgaaie 
Mmiklyttiu^t LoDgmaaa* 0r««a 4 Ltd** Londoa, 
257 (1951) 
29 
9mm¥ y 
•^ o 1 O 
^ivfm • uiij^m fAM&^t. hhSQtm^M otmm* 
ikp^^i3e9 te iM * tmm oe* tui i t iift« not h%%n studlntf idoA 
fetiiMl r#p@rt«d in tlm lit«ratttr«* 
4WIK»««I IIMIm HI l l—IMrtfcMWWlWimi •!• Ml • I I I M — I — — I M — — W W I i u m i Ill ml MX*——«ii«« — l» W 
flif«»e4f»iMiic Cgttatai«t«i 3ilT«r • 3ilv«r 7artxmt« 
%dyo|(«fi 0«11 imd i t« «X««tro49 r«ak«tioiu9 would )M 
•xpx«»3*d &e folloirst 
a^(Pt) / iig far (0), Hg 5C«r (C)/%^Siir Ca)/A«(3) 
i^ • 2 a* • 2 • (1) 
^ f a r ( i ) * 2m m a % (s) ^ far"* (2) 
Hg («) ^ *€2 «*» <S) • 2 I* • 2 ^( i3) • f«*"* (3 
(1-3) 
tlBm ••««f* i s giT9A lif tlMi •xFr««»i<ni9 
* Sia«« tb« tli«ontio«a i&pproa^ mM« oind tlw •zp«rim«»Ul 
proe«4%up« fellewtd in t&« »tu4i«« af tli« 3 si lver 
•ls«tr9i« •jrsttnui liiui «Ir«ttdy ^««R ds«oril»M in d«tail 
in OkiM t^sr II f th» A999npt±&m ^rso«disg the sxpsri-
tt*at«d mM oftleul^tsd dat« i s ooallnsd in tills olwptsr 
to •srtaiB 8p«difie ii«p««ts uf tbs rssj^etiTs sisstredt 
systsM. 
*«* th* aolalitjr AM *a* tha mtisbcr of •l«etroiui 
tri^auifcr, an iiitrodiietloii of diwtoolatidis eoast&i&t 
of tiirtiurie «eict In •qu«tlo» (4) v iiav«, 
in t«rm0 of solATlty *C* ixi8t««i4 af BoXfillt|r *a* «• 
obtaint 
[ (1 > Aj leg C) - i j A ' c ) - (!• - P^ ) - k.e. (7) 
^ 2.303 X m 
% • A^  « A» 
f J « Aj log IC 
k m A|^  X C* 
A* m 3*46 A (£«^« * &tek«l Goastant tor 
uai-biTsiiilcat •l^etr^lyt*) 
iuid tha mla«8 af «. (k^ • U1 « to"' maA k^ m 6.9 x 10*^) 
baTtf &••& ta£«a from tli« llt«riitttr*f 
Thm qaaatltjr oa th« l«ft lumd sltf* of •qtuitioa (7 
lias !»••& plettad «gi«.la8t *C* aai •xtrapelatat to i 0 « 0. 
62 
taurtr^t« «X«otrod« ei'StMi invn IMIIR eia.«alat«€ »t ?§^ 
afticliig aM of tlit at^ iiul^ ^^ «9iiatloa« (22)» (?9) mA 
{25} giYmn la Oiapttr Xl« 
2. fypttyutlori of ajXTT $»ytnit» II»9ty0A#i Sllir»r 
tiurtimt* vmm pr«eipltat«4 iijr aixlac 0«53 M eolution 
of A«i« oilTor ziitriAto s^ ixl o^ual. voluso of <^^»3J M 
sodiua «> fot^ ^ .^iiiffi tartviito oolutioa. A i»hlt« prtoi* 
pitato tiAs obtax&id wkioli im& ws^e^A tliorou^tily to 
voaovo mmy tartxarie «ei<l yrosoaat it&d tboii filtorod* 
fiio fr«oipit«ik^ tliuo abt^inod m%» i^artialljr ^rioa in 
dark i^tM than It w-a,@ imstoil &M miMXjr l^ rooood on tiio 
«ieit«r<@d silvof pimto« ao uoual* 
4 
SttrtMTlo ifcoii wifco titratod ftgiiii&st t&o 
st«»jid3rd »o4llua h^roxido eoiution uoing p^iiO|»htliftl.iiio 
as isdientor* 
3« i^p^yl^ostaX. Mo»«uyoaORtg aaft aooultol Tim mw^Tl-^ 
aiontal •uluoo of oboorrod j^tontial ^m tlui oaieulatod 
wauoa of B» CS • ^ lOi &) mm (!• - ayJO) obtalAOd Igr 
uotag oQnatioa (7) at 5* to 3i>'C «JF« U S tod la ^l^oa 34 
to 39« fho Tdleoo of («• - l^ic) at Tmrlouo tMBper&tiuros 
iMive feooM plottod in n i . 10 imA 11 aad oxtrapoli»tod to 
s«ro ooaooatratloa. !^o ittteroop^ on th« f • mxi» girm& 
tlio rmlvm of ( S* - j?^  ) . i^btr^^etlfig tfe« raluo of 
•Fj» from tlw intoroopt valao tlio ot^ j^tulard potontial 
of tlM sllv«r-«41vor tartri*to oloetrodo at i lff . ront tOM-
poratiiroo liro obtiiinod wid.c^ ar« giin»ii ia foliXo 40* 
i- o 3 
1 O oi 
nvtm - iitviih fmmvtn EUCTBOBK 
ff iWnit iiCTi 
Coi^<iattri i t i«m irn* »li!i«rr#4i Pot«atliidl 
Timjpi^s'ature « S^C audi i 8 * € . 
»• € 15* € 
©•to 
&*06@ 
t».OSO 
O»04O 
0,03S 
o.oao 
o.ots 
D*910 
0*8390 
0*S9T0 
0,83S9 
o«9SK4 
0,93T0 
o«^to 
0,84i8 
0*34S0 
0«8S:i4 
0«S|i40 
0,SS68 
0.9300 
0.8400 
t ilrTW ifJt 
CoiieeotratieB w»m <>b««nf«>€ roieatiaX 
T«inf)«ra^r« 3 5 * • B&iH 3 5 " C* 
Coaeeairaiion (C) 
p i . Mol«s/ltty« 
( ilk ymltn } 
2S» C 35» C 
10 
Of»f» 
080 
040 
am 
013 
010 
0 
0 
0 
0 
0 
0 
0 
83«0 
8300 
8284 
8386 
830C» 
8320 
8 3 ^ 
896S 
0 
0 
0 
0 
0 
0 
0 
0 
8318 
8350 
83»8 
8240 
8360 
836T 
83T0 
8338 
i36 
g^fllS S i 
Caloulat#S P«jriir«et<irf$ o f t!i« tti«nM»dyttmsto (tqiiatioB 
from the oii»ftrr«A l^ata* 
i*«i|»«ratBr« 8« C 
ipi« wmlem/lltn 
>M 
r:» (?• • o.oats l o i cy [ ( } ' -o .o ieT^" 
0.10 
0«066 
O.OSO 
0,040 
0.085 
0,020 
0.013 
0.010 
o.siaa 
o.asat 
0«233t 
0.2000 
0.1581 
0.1415 
0.1140 
0.1000 
0.8055 
O.S04@ 
0.8003 
0.T080 
0.t©30 
o.toas 
0.T900 
O.TOOO 
0.T908 
0.7985 
0.T901 
0,T890 
0.T88T 
0.f858 
O.T847 
0.7854 
cmlwAate4 ^taemmtmrm of t1i« fi»tm^f»tmi9 •qaaiiott 
twom tlNi ol»»«rr«d n«t«* 
feisp«rft«iir« a tS* c* 
C&neootriitloa (C) Al^  
pa* ao l«9 / l i t ro 
i« (E • 0.039S log C) [(E*-0«04tl J"0)^  
o.to 
0.066 
0,080 
0,040 
o,oas 
o.oso 
0.013 
o.oto 
0.3163 
0.2S6@ 
If.StST 
0,2000 
Omtmt 
0.1415 
0 . t l 4 0 
o.tooo 
0.8016 
O.TOOS 
0.T1JS4 
0 , t943 
0.r8T4 
o.tssi 
0.T95d 
o.tsso 
o.t^o 
O.Ttf« 
0.TS4S 
0 . t i 4 5 
O . T T ^ 
0.T812 
O.Tt98 
o.nsi 
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lAMSM f 18 
€ale«la%«d Pmrammtern of tlw ftaMtrmodynataio •quaiion 
frtifs tli« obscnriid i»ftt«« 
feiaperatur* • Sd* € • 
Coneeatratteii (C> i c 
!?• 
(r; • 0.0298 log C) [(P»-0.0519JC 
©•to 
0.06@ 
0.050 
0.040 
o.oss 
0 . 0 ^ 
0.013 
o.oto 
0.9t@2 
0.3669 
a.2S3t 
0.2M)00 
0.1S8i 
0.1415 
0.1140 
0.1000 
O . f M S 
0.T9S2 
0.T901 
0.T8T4 
0.T83T 
o.raio 
o.rrT4 
O.TTTR 
O.fSOl 
0.7919 
o.nss 
O.TttO 
0 . t t4B 
O.Tf46 
O . f t l S 
O.TT28 
139 
fABia 10 
C!alealate4 Ptattm^tmrm of tli« ThttraedlyttaBlo •^ati ivB 
froR Ui9 01i»«rT«4 1>«tft* 
Te@por«ttttr« 35» (J. 
Coiiiieiitr«tieii (C) I c r« (R • 9.0908 log C) [(r«-0.0»4«4C) 
0.10 
0.06« 
o.oso 
0,040 
0.035 
0 . 0 ^ 
0.013 
0.010 
0*9162 
0.SS69 
0.3S9T 
0.8000 
o.issi 
0.141S 
0.1140 
0,1000 
0.T910 
O.TStl 
0.T842 
0.T814 
o.Ttta 
0.TT49 
O.760S 
O.TTIB 
o.ttas 
0.TT51 
o.nao 
O.TtOS 
0.T686 
O.T«TS 
0.T633 
O.T§60 
i40 
Valii«« «f i?* and otber Coanteiit* ll«rlT«d fiwa tli« 
Temper »tiir« • 6*C to 35* C« 
f«ia?>«rater« P- ( r» - P. ) r* 
8 - o.t^es o,T836 o.ssrr 
15 - 0.3029 O.TTSO 0.5T51 
35 - O.aiOO O.TtlO 0,56t0 
36 • O.attt O.Te45 0.54T4 
f t 
ftieitaodyaaiBie foneticmit eif tiMi si lver «> ^ilvor 
fnr t ra te r i^etrod* s]r«t«a at 88* C» 
rttii«ttoitft Viilii«« 
>•>•<•>*'mw WT"# .iHMnWfmiiWXi —I—WHii llWilWi <HIWr»^.'Hi»»i-*»tj"«l»'-<fcl"*« -tlWBwyo 
<^5?» • 61«8I 0 a l . K»U** «•«•* 
Att« - a5,8S IC-Cal. raoU** 
AH* - 44,80 I«Cal , aola** 
' ««W««l|l»M«»»HlilHiiiail.MI|i<PTl II 
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J'id 
i i , 415 (1967) 
lbid*9 |£» 412 (1964) 
at tli« Till %h SsMlBiir on *ll«etr<ioh«ii8ts7* iHtltf 
iB tiM) aoatli of IJo««ttkor» 1967 at Ooatral ^ootii i-
eltMuLoaX BOBtoroii Institutot jCaqriidkuAi-}. 
4* 3* aiiio»toao» '*AB Xntroittetion to £l99trQ9ik9miatrf*'$ 
i>, f«uii Bootriiaii Qo«, lrm», Bow ToriCt |jor^oa« 
2<K> (1951) 
§• J.M. te4or, *'iiaiil|[8to Pooicot B^k"^ ^ttontforthe 
Solomtlflo ^bUe^kUoiiy h^Mon, 31 (1959) 
6. &«!• Vogolf ''fextbook of (j^tantitativo Imorjiiaiio 
Aatayala", loagsiitaia, 0vooii & Co,, LondoAy 
237 (1951) 
Qwm n 
-^ivrm - ^lUBM, cifiiAf.>, iiigcfKu^-& -..i^ rifite 
lid 
i 47 
« » • — « • — m i M M • I l i u m »l •MWWMWiWWWIMWWMWW*—M^iW—•—•"—i—IM»M» 
2 ^ iillv^y * Silver Cit3^t« til«0trod« Systwi 
MMW not to h«T« be«ii stutfiAa iind feunl in Ut»r4itur«* 
UmattfyiiWltt Qtatli«tfr f)m ullYvr » silver 
would tm •xpr««s«a aa folXenai 
^ in) / HjCitCC), %Ci% ( O / ^ i C l t i$)/^i^) 
3/2 «^ « 3 H* • 5 • (1) 
«^ 5 Clt • 3 • « 3 %(S) • Clt (2) 
3/2 a^ f %3 (mt (S) • 3 A«(S) • 3 r + C4t (3) 
(1-3) 
th» • •« • ; • of tilt ottll in giv«n Iqr tlM •XFr«8aioB» 
vm •""-* -'^ -^ i^  H"^  H 
* Qltmm tittt tb«N$ritlo«X appromoli iaade i&ndl tliht •xp«ria«it&l 
•Ivetvodtt «jrat«ia8 hMM alreaAjr ^«^ 44iii«ril»«4 la dvtaiX 
Ilk CiMptvr lip tilt daaeriptioa |Kr«o«4i»g th« ex^xl-
f&@]it«l emd oal«aat»4 data i» d«BfiiMtf in tlila ehaptar 
to •artaia apaeifla aa^eta of tha raai«etiV0 aiaotroda 
ayatMi* 
1 ^ 5 
wtMir«» *m* i s tbm Molalitjr* * Y * t)u aetivlty oo«ffi«l«at 
of ^tt loA« hM *ii* th« sttslMr of •l*etr&jm ttimmtmv 
iB tluif •X«etaro<i« sMroecati (2) . Xatvotfuelsf tb« disiie-
elation oonstiuit of oitrlo aeld^ 
H C;LA K co t 
^ 3 
i a (4) « • tiiiTe» 
CoMlilaiag •qtt«tiea (6) wltii tiit ]P*togr« - ite«k«l 
jardii8t«4 t^iiatiott!^ said «xpr«Miiif 09Be«Btratioa ia t«ra« 
of w»lttritjr *C* iactttad of aiolaXltjr *a* »• oi»t«ia, 
. ^ 2.303 « fif ^ 
4* • 7.33 A (D@bjr« «• i^ek«l Ooaatant for 
mil - triv^lrat cloetrolyt*.) 
and th« TII*1U«« of C (k^ m <uS x 10"t k^ • 2.7 « tO*^, 
k^  » 1.3 » 10 ) fa«v« b««tt takoa ftroa %&• Utorttturo. 
i 4 9 
Th» quantity on %li« l«f t hmui s l i c of 
•qtiatioti (7) hAm h9mn. plotted afsit)«t *C* and 
A 0», AH'* aii4^3« for tlift iiiXT«r - uilfr 
aiUci^g UM of tiM fftiosdctrd •qiiatieaa {22)^ {?3) liod 
(as) giT«n in (^iipt«r XI* 
oi t r a i t «»• prop«ur»d li^ r tlio add i t lot) of 0»6^ M ailT«r 
ttltr^to solution to «us oqiiaX, TOIIUSO of 0«93 M solutioit 
of sodius eitr»tOt Iboth of tctoa bating of 4,ii« (|UMlitjr« 
% whito ottxily i»r«oipitat« tmo oi»taiiie4 wiiieb WHS 
mtLMiMi tharwighly with <li#tillod ««tor «uad th«ii witli 
saat » iztsd eondiietlvitjr wntor. tlio proelplt&t« 
««« tiMiii iMMBi • df i«4 lA d«4rk «yrid tlioii p««to<i on tlao 
•Imttrod »ilir«r pli)it«»« 
flio o i t r i o sftoid solutloa w&s t i t ra ted 
againot tbo stiiiidttLZ^ &odiuffi bjfdroxldo solution usijog 
pboaoplitliaXlBO aa indioator* 
50 
f»lil« 42 iuii 45« Kakiag us* of •quatioa (t) tte oaX-
eitlat«4 valu«« of £* (£ «^  A^  Ug C) and (I* - I^ /Tc) 
tot $«C to JS^ 'C &ro &IM glTOii in ^bXe 44 to 47. fb* 
•laliioo of [(£ > A^  log C) • B2 4C)]at tmrloao %m&p%tmtarme 
iMNTo iMOli p].otto4 Ifi Hg* 15 to 16 and «ito<*poiikt«4 
to soro ofmoontrtttloa* fNi i»toroopt on tlio Y * axio 
givoo tlio Talaoo of (1^ - F^). Siibtraeting tho Vfiiltto 
of Pj fircm thtt Inteireopt vmXuo "^ to otiiMajrA li»i9«ttiiX 
•loetrodo potoatlal of tho niXvor * siXiror eitr&to 
•Xoetroilo at dlfforsBt toaipor^ iktiiroo stro o^tiiinotf. 
K* T«iXttOo Aotormiir^ od ^ gra^ luro givoti in ISatoXo 46* 
f«ip«r&lu3r« oooffieiont irikXu«AMs4r a«, H« «nd *^ 
for tho i!^ @ton aro Xiatod in l^uXo 49* 
51 
MMMJZJ^MMKSMB^^JLIMMMM 
tmm 4g 
Coneeatratioii <rs» otifi«rr«di ?o%««tliA 
fmipemtmf • 8*C ! » • C, 
eoadwatraticNDi Cc) ( l a volta ) 
gn. ssolas/litra • ' " "• "" - '"•" 
5* C IS* C 
0.10 0*8068 0,8i6S 
0,066 
0.050 
o.oio 
0.038 
o.oao 
0.9100 
0.8(K)0 
0.80T0 
0.8193 
0.8110 
0.8128 
o.sias 
0.8090 
0.(S180 
0.81JN) 
t) <C 
•|-.,JM 43 
Coi^eatrattou iPS* Oliiierred Fot«nt io l 
Tvuperaiur** • 3S*6 M I ^ 9 8 * C 
Coac#iiiratl<m (C) ( i a vo l ta ) 
9B« » o } « i i / l i t r « 
as* c 38* c 
o.to 
0»06§ 
0,080 
0«0'^ 
0,028 
o.oao 
o«sia« 
0,SI4S 
0,813s 
o.sios 
0«9180 
0.8140 
0.8i9S 
0 3 1 6 0 
0,8180 
0,9110 
O.SIIO 
0«S160 
'i.WMWWW IN—><••< 
0 0 
14W ,44 
Caloiilfited Pfir^siet«r» of th« f^trtaodsnumie eq^atioa 
from thm 0li8«rv«d 0ata« 
•r«R^ratiir« • 8* c» 
CoAottiitratlim (0) 40 
fB* i io l«» / l i i r« 
^« 
(f: • 0.0163 log C) [ j f '-©.OlMHiC) 
o.to 
0.066 
o.oso 
0«040 
0.0S5 
0 . 0 ^ 
O.St63 
0.3569 
0 .223t 
0.:MK)0 
O.I&Si 
0.141S 
o.Tsaa 
0.7888 
0.T8«a 
0.781S 
0.7880 
O.TTOO 
O.T«f4 
o.nie 
O.TtU 
0.7689 
0.7710 
0,7707 
24 
IMtf 4§ 
C»loitlat«4 Par i^K««ter« of 1te« tlNinmdyMnie •qitAtioa 
froK tlui obMirvoil Data* 
Tenp«rall^r« « 18* C 
Conetiatratioit (C) 
(pi* i M l « « A ^ t r « 
0 .10 
o.oee 
0,060 
0.040 
o.oas 
0.930 
ii 
0.3163 
0.286f 
0.SS37 
O.SOOO 
O.lSSt 
0.1415 
1?* 
<F • 0.0190 log C) [it 
0.T0T5 
0.T901 
O.TOTl 
0.T88S 
O.tSl® 
O.TfOT 
• - 0 . 0 6 § T A / C ) 
0,TT8S 
0.fT88 
O.TflB 
o.Tei« 
O.ftOt 
O.TTIO 
idd 
P^^m. M 
CBlenliite^ Par»u©ier« of t :* flwrsodyniBsle c^iiatioA 
trma tli« t^terr^d itiitii* 
TeiBtMiratar* • S8* C« 
CoaeeotratioQ (C) 
pi* m^lmm/titrm 
r» 
Jc (f 4- (i,ot96 log c) [(r'^.orsa^c 
o.to 
o.Qse 
o.oso 
0.040 
0,02S 
0*030 
o.stes 
0«21ie9 
0.333T 
o.sooo 
0.1681 
0 « 1 4 l i 
0,t»8© 
0 . 7 M 4 
0.T88S 
O.T«Si 
o.tasi 
O.T«Of 
O.TTSS 
o.ftat 
0.TT80 
0«T@8S 
o.ttie 
o.no4 
i56 
Mmkua 
dfiloalat^ I*»rsm9t»r9 of tite Themtnipamkitt mqumtitm 
trmn ^ « fihwtrv94 Hata* 
f^»p«rQtare » 3S* C» 
0,10 
o^mQ 
0.080 
0,040 
o,oss 
0,030 
re u 
0,3163 
o,asd9 
0,a33T 
0,8000 
0,1681 
0,1415 
^ • o,oao leg c> 
0,T99S 
0,7934 
d,7390 
0,T831 
0,T790 
0,T611 
[(i »-0,Otft«AllD] 
0,7TSS 
O.fftt 
O,fT20 
o.teto 
0,7«»0 
0,TT04 
idl 
,1*^%^ 4§ 
f^Alti«« of ^ aad ottHNT C^Mtaiits (i«riv«d trem ^ « 
•".•rlraf»ol »t#d <?»rT«»« 
f« i9p«r«^r« » 5*C to 38* € • 
g 
i l l 
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f 
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• 0*2644 
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0«Si43 
o.sisa 
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fhi^rvrntlfumiie rmmtiotkti of tUm s^ilver • s l lT«r 
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Pot«n%i«X mA tlifi flMrModjrnawio Coii«t^ait« of 
Bliir«r - 31lT«r Citr«t« l;X«otrdd« liad tiM 
3, «^ Bttrtraa, m& ^.J, JaoM, Iliici, £{,, 41!> (1967) 
4* i^ « aiMistoiMt *Aa latrcMluetion to IlJtotroeiUHBiatrjr", 
D* fan isostr t^int Co«t Izie* ^w Yoxt» Ldtidoa, 
200 (1951) 
21 . 1274 (1^9) 
J^&aay. So«,, ^ 1511 - 14 (196^) 
Al&«S^4iuUi»^>,Si^»-^<.-^S.>^L^&,4<r^^ 
idd 
166 
BiLifm - ^ihVxM i?i»sfMAf- ^iSQ'rmi^A ^miM* 
m0mmnm>minmmmii^'mm» 
^ work M(«»s to UaT« b«&a r«por%'%a Ui 
Xit«rattird on tht a«%«i>si<itttioii of at^ nd&rd potantlal 
fli»giio43faMBio jrtMriawtTgf Silver - a i lwr Fho»p6at« 
•xpr««»«d us folI<»w«t 
3/2 ft^ » 3 a* • 1 • (1) 
3/2 U^ • ^ j i ^ ^ i a ) • 5 A« (3) •^  3 «•*• * P 0 ~ (3) 
(1-3 J 
th« ••s*f« of tn* ee l i i s giv«n fegr tli« mtpfB»ionf 
proe««iii>« foU9ii«ll in tiM stitdi** of tlm 5 silver 
•l«otro<l« »jfmtmi0 Ikie aXr«it4y ^e«n 4«8erite4 ia i«tii i l 
ia Oliafter II , tb« desoriptioa pr«««di»g th« Mp«j-i-
aeatal &»i wa«ulat«4 tetn i s eonfinMt in tkl« chapter 
to eertttin epeoifie aspeots of tiie respeotlTe eleetrode 
mf»tma» 
ti? 
eo«ffiei«Bt of th» l&tm umA *»* thm mmh»r of •l^etnsxm 
tryji»f«r i s tlM #i*etro<« ldfoe««e (2) . 
fiyitliid intd ooB«idlemtio8 tli« i^ ««k suntuar* 
of th« pto»pbori« moid Slsaooiation eoasi^iBtt 
baa lNi«8 li&tro<iu^i4 l&tw t)ui «qaati«a (4)» wt luav«« 
4 
of MoXioritjr *C* i ikst«^ sf aoXalitjr *B* I ^ obt^iia, 
[ ( ^ • A^ Xog C) - a^ 4 c ] • iM" - ?j) - k .o . (7) 
^ ^ a. 303 X m 
T W 
A* » T*33 4 (l)9ligf« . iluoiiel Cen«t&Bt for 
liAi - t r i vaUa t •Jl*6troXyt«) 
mni t l» ir&lu«« of s {k^ • 7.11 x lo"? k^ « 6.3 x 10"^ 
kj • 4.73 X 10 '') iiiir« b^^ti tAk«B froai tht Xit»raitttr«» 
i 0 5 
Th» qii&ntitjr on tli« X»ft haani e l i« of 
•quAtloa (7) hma &•«» jplot%«d ft^sliuit *C* and •ztrapol«t*di 
to € « 0« 
25•€ asikiHg am of f^ 8t^i»4ar« tqtiatlona {2?)* (23) 
aad (235 giT*.-^  iiJ- CItaptsr I I . 
80i.yti90 ol A«r«« ailv«y siitrate waa pmiTtti to O.d M 3aXuti^ >: 
of triaodlaai. ^rtlb^i^'istoafliat^. A ^osjjlgb l'#H®w pynel-
pititte ««t oS>tmi»«tf« I t «»iie «i4ii«ho^  tfearoti^ia^r @9Ttz«I 
tlji««« i%« pr«ei|iitat« w^B tkut^ $«ml - i r le€ £nd thoa, 
{>o«te4 oii tbo el24t6rft<l sllY«r pl«.t«s« 
ftu»^j^orie ae i i^ of 4*K« quality imo aoo^ h«re* 
Tlio &01S solutions wore ^sutl^od by titr&tioii «lth 
iitax24&r^  ooiSlusx bi^ X'osDiSo »olutict£i aoiri^ t^jrr«#I|^th^liiio 
ao &n IMie^Wr* '^ t this esd polF.t a feiuii #oliitiori 
««4ital valiiow of o^nonroti |iOt«»tiaXe %te givom iv. f»l>le 
50 to ^f« ^aldx^ um of oquatloa (71 tbo eaiouXatei 
valuoo of K* (B • Ay Xog C) aui (1* - 1^4^) otot^nod 
^ uoiBg o<|u«tloa C7) a t I0»e to 40*C ar« r«oor4«d i» 
foUlo 53 to 59. ^ ^ imXttOo af [(i, * Aj log C) - ajfC)] 
a t •arloiao toaporsitiaroo hoTo i»oo2i pXottod iu rXg* 18 to 21 
And ojttrapoX&tod to soro ooneontiratloB* f^ Ictoroopt 
Id^ 
911 tli« t * «xi8 glir«8 tii« TalM« of ( I* - 1*^  ) . 
aiibtr«otiii£ tlMi TiiXii* of ?^ , Aron tlw iiit«re«pt 
v»lti« tile mtmiABTd »l«9trod« |>ot«»ti«X of tli« 
«ilT«7 • «iXT«r s>lio«pli*t« •iMtrod* At diff«rtti.t 
tMip#riittur«0 «jr« obtiiiiw l^ wliiQii ior* given ia ftibX« 6o* 
for til* Byntms ar« ilftt«d in 1SaliX« 61* 
i70 
•s lmf^•^ - m^m ,^ ^^»^wi m^^m^ 
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Fmfmmfra of Sllv»r - Hilw^r ftae«phat« M^eti-od^", 
FT«»«iit«4 at %h» 56tli ABRunl .i«»^io& $f l^ t^ tlorAl 
m^Amy of iel«&o«8t InAia, &«ld ^t V&rMiiAai froii 
f^ fei^ iury 24-26» 1^7 ( l^«r pa)iUotttio») 
£L, 4I& (I9#7) 
?• A«K* Coviagtfiiit P«iek« fiiiatdMt imd lf«M» ihlralt, 
Ibi4, i^» 412 (1964) 
S. Van lostr&oi Co.* IriO. Mm rork» Looiotiy 200 (19^1) 
§• i«D. lAr»oa» J« P1ajr»« C^m. ^ 9lo (19^0) 
M» 2530 (1946) 
7. a«A, lojrtta aai 0* 3. Mttt»«mt CMnaagit Xndtt* ash, 
Pub. i i » 262 (1907) 
8. A,I. Vog«l* A^ fttxtlMok of '^lumtitiiti'r* Inorgani© 
jmaajfai»**t I^ agm^m's ar«eii & Co. Readout 64 (19^1) 
iS8 
^ ?l„^,,4, ^ 1 
139 
Mmm 
fiM pr«««8t 8ttitfi«« tml»%» te tim d«t#nttiuitio]t 
af ^tMa&i&xA Bl«otro<S« Fot«iitial0 «M ShAm^iyeiteio 
Co»8t«£t» /A0*0 AH* and ^^3* 0f tll« fiT« d i f f t f t u t 
?> i^ieliiat«it fartrat*, 0itirttt# and Fliosplmt** fhs ^ii* 
vmnk fteiils muSs ttfi«)ai> la th«a» ti«etr96««t lias b*un 
a^Ofted for tim extrapdlatidii €if t ^ eae|M»rlm«tttiil dfttii 
f03r tiw ••i«Xu«ti{m of £*'» 
[(I • Aj log C) - By /JC J • <1« - Fj) • iE.e, 
^f 
k « A^ X C* 
K m ld«i$o®.l&ti@st CetxetMi^ tt of the %'»ak iicld 
eciKet«u»l0 v^<^ «ir© u0«4 in the t^bo-r* •€|u&tioa «»»r« 
tak«a fros) the Xit&r^ture* 
f^« studies «Nir« fl!i«^« ivltliift t t e «i?»Gdritap«iti9n 
DO 
mM tli« t6i&i>«ffatur« range of §" to §-')*>€« fb« det«rmiiie4 
*« l^tt*B of tbt 9taii^«x€ j^t9Jitl,«X iirJ t'fm tfmrm&'^ymmiG 
«oiiat«mt6 ^f th« five s i l v t r ftl@otr6«l«B are l is ted i s 
of vtmy&m.gi, potomtialft of u» «leetra4« ny&t&m re la te td$ 
(H) £8t«!.tilieliirig a t the fas tes t spe^d tbe eXeotapoohesiice^ X 
•QUililnrla betv^ eecis aoXii • solution oompoaer^s 
of aii eleetTo^a ayetei^* 
(C) l¥©lvi«|[; a a©tli©d of extrmpolfetioti suitable for tht 
.|Nirtieui«ir elam^ uf eleetro^e @/staii«[* 
TiM «^»ife i^ntioned i£®a«ote «/«r« giT^it oiciae 
ut tent i^a iv^  tr^ ^ |iarei»ej«t etufiiiesi preeision i&striin^ente 
were u«e4 i^ tlie ejKpej^ l&e&tal siesiaurei^&te :)f the potest 
ti&Xei Xar|;>4' area par'S-u-s «i#etifoi«i> were ^4*®igri*^ ar^ used 
for aeseier«tiii^ tlit attsiti'^esit #.r equiXltoiiim »t tiie 
80lid*Xli^lS taterfa^e© of ^IffersEt eleetroiie »>"»t®5i®» 
ieeXdee the f»aiii v!H>r^  clex» oi? %1m ietereiliiatioii 
af et^^tndari poteatXaXe e»ii tiM t!sertto€yfuiiai@ edtidtante of 
five s i lver eieetrcnleet a eurrey ^^ BS eXaei^lfidatiaa of 
different p^t^ntliait (vi#e AppeMlx I to C&apter I) 
referred tn In t l ^ l i t e ra ture in #3atext « i^t)^  vatrioue 
p&ea»aeaaB of ^fa^eies a^d otiemistri' o€m«tit«at«'B ttm 
mkbaXIkiMXf -m^k of the preeent tlieeie* 
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